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CHAPTER I 

Introduction 

ELECTRIC energy is now so universally adopted , 
for lighting, heating, transmission of power 
and other purjiDseSj that insulated wires or cables 
(as they are often called) for convejnng the current 
are now fixed iii most buildings of any importance. 
The conditions under which these conduetora have 
to perform their part of carrying the current vary 
within very wide limits, and it is the ol>ject of this 
treatise to describe the various means of fixing the 
wires to suit the different conditions under which 
the current is likely to be employed. The science 
of fitting up a suitable system of conductors, or 
" wiring," as it is termed, is not at the present 
time an exact aciencej but is rapidly becoming ao. 
Among engineers there are several rival methods of 
wiring in use, and many discussions have taken 
place in technical journals, and at the meetings of 
engineering soeietie^s, on the subject of the relative 
advantages of concentric wiring, wood casing, and 
systems of iron and other tubing. Each system 
has merits for special purposes. Generally speaking 
no one system can be said to be universally better 
than another, provided always that due care is 
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INTERNAL WIRING OF BUILDINGS 

taken in fixing the conductors. It has been said 
with truth that it is better to have an installation 
consisting of inferior cables and materials, well and 
carefully fixed, than one in which, although better 
materials are used, sufficient eare has not been exer- 
cised in fixing and jointing. 

By far the greater number of wiring installations 
are carried out in buildings in which the current is 
taken from central stations, so, unless mention is 
made to the contrary, it is assumed in this book 
that the current is obtained in this manners fi-nd 
that it is direct, and not alternating in character. 

It is impossible to give a description of the nature 
of electricity in a treatise on wiring. Those who 
wish to understand how it is that the so-caUed lines 
of force in the ether can give rise to electric currents 
when cut by conductors should consult Dr, Oliver 
Lodges' Modern Views of Elect riciiy. In this book 
the production of electric currents is explained by 
mechanical analogies, and the reader is enabled to 
get some inkling of the real nature of electricity. 
Roughly speaking, it may be stated that a dynamo 
produces current because its magnets set up strains 
in the ether and the conductors on the armature 
have the power of absorbing these strains and of 
thus producing so-called electric currents ; it is 
only, however, by the expenditure of mechanical 
energy in moving the conductors of the armature 
that these strains in the ether can be absorbed, so 
that a dynamo may be considered merely as a 
machine for converting mechanical into electrical 
energy. 
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INTERNAL WIRING OF BUILDINGS 

During the last few decades the science of elec- 
tricity has advanced in a remarkable manner, and 
an international system of units of measurements 
has been developed based on what is known as the 
French C.G.S. system — that is, the centimeter; 
gramme and second system. This system will now 
be shortly described. 

The centimeter is the equivalent to *3937 of an 
inch, and is approximately the length of a quadrant 
of the earth divided by 1,000,000,000. 

A gramme is the mass of a cubic centimeter of 
water at 4° cent. One thousand grammes (called a 
kilogramme) is about 22 pounds in weight. 

The second is the same as the English second. 

The fundamental unit of force, called the dyne, is 

defined as that capable of imparting a motion of 

one centimeter per second to a mass of one gramme. 

The force of gravity compels bodies in vacuo to fall 

32-2 feet in the first second from rest ; it therefore 

exercises in C.G.S. units a force of 

32-2x12 

-;3^^= 981 dynes. 

Similarly the fundamental unit of work, called 
the erg, is the amount of work done in moving a 
body through a length of one centimeter against a 
force of one dyne. 

A unit magnet pole is such that if placed at a 
distance of one centimeter from another similar 
pole it wall repel it with a force of one dyne ; a unit 
magnetic pole is thus said to produce one " line of 
force." 

Now, since electromotive force is produced by a 
3 
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INTERNAL WIRING OF BUILDINGS 

conductor cutting lines of force, the fundamen- 
tal unit of electromotive force is that produced 
by a conductor cutting one Line of force per 
second. 

The fundamental unit of current is such that if 
one centimeter length of the conductor conveying 
it is bent into an arc having a radius of one centi- 
meter, it will act on a unit magnetic pole placed at 
radius distance with a force of one dyne. 

The fundamental unit of resistance is that of a 
conductor of such dimensions that with unit electro- 
motive force at its ends it allows unit current to 
pass through its substance. 

The fundamental units of electromotive force and 
resistance as given above are far too small to be of 
any practical value ; therefore the practical unit of 
electromotive force, called the " volt," is the funda- 
mental unit multiplied by 10^, and the practical unit 
of resistance, called the *' Ohm," is the fundamental 
unit multiplied by 10^. 

Tlie practical unit of current on the other hand is 
1/10 of the fundamental unitj and is called the 
'' ampere/* 

The '' Watt " is the unit rate at which electrical 
energy is produced, and is the product of the pres- 
sure and the quantity of the current. 

The well-known Ohm's law states that the cur- 
rent in a conductor is directly proportional to the 
electromotive force (or volts) producing that cur- 
rent, and inversely proportional to the resistance 
of the conductor. Thus, calling the electromotive 
force or volts E, the current C, and the resistance R, 

4 
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INTERNAL WIRING OF BUILDINGS 

Ohm's law states that ^C; whence Ci?=rjE?, and 

also EC = C^R. 

On these simple formiilEe are based nearly all 
the calculations used in "wiring " ; and if once 
thoroughly grasped, the calculations become quite 
simple, 

A kihimlt is one thousand watts, and one kilo- 
watt produced for one hour is known as a Board 
of Trade unit among central station engineers, 

A megohm is one million ohms. 

T\ie above terms will be frequently employed, and 
shoxild more exact information be required about 
them J any elementary text- book on electricity W'ill 
furnish it ; but in order to give the reader some 
general ideas of their values, it may be of interest 
to mention that the rate of working known as a 
horse-power, and estimated by W att as being equiva- 
lent to a weight of 33,000 pounds being raised at the 
rate of one foot in a minute, is represented electri- 
cally by 746 watts, or very nearly three- quarters of 
a kilowatt. Again, an ordinary 16 candle-power in- 
candescent lamp absorbs electric energy at the rate 
of 60 watts ; hence, as 1 ,000 watts for an hour con- 
stitutes a "unit/* it follows that ^^4}^^ 16 lamps, 
each of 16 candle-power, burning for an hour, ab- 
sorb electric energy to the extent of about one 
unit. Consumers of current from central stations 
are generally charged by the unit, and the above 
example will give a rough idea of the amount of 
light for one hour that can be obtained per unit. 
It is here assumed that a 16 candle-power lamp 

5 
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INTERNAL WIRING OF BUILDINGS 

absorbd 60 watts, and such is generally the case. 

Lamps can, however, be manufactured of the same 

candle-power to absorb only 40 watts, but they 

are not so durable as 60- watt lamps. 

The usual voltages at which current is supplied 

from central stations are 100 or 200 volts ; assuming 

a pressure of 100 volts, the resistance of a 60- watt 

lamp of 16 candle-power can be found by a simple 

EC 
application of Ohm's law thus : -g—^'^ t>ut EC — 60 

and E ^ 100, 

therefore the current ^^^tht ^'^ ampere; 

and since ^^ ^^ C, and C =r.&^ 



thereforeJJ^ 



100 
'6 



133 ohms. 



Numerous simple calculations of this description 
occur in work connected with wiring, and will be 
dealt with as occasion arises. 

As certain pieces of apparatus are always used in 
every electrical installation, it may be as well to 
explain here that a switch ia an appliance for making 
or breaking an electric circuit, and consists of a 
pivoted piece of metal that can be turned in such 
a manner that it either makes a metallic connection 
between two conductors or severs it. 

Cut-outs, or juses, are appliances for inserting 
pieces of an easily-fusible metal into the electric 
circuit, BO that in case of a sudden large increase 
of current this metal melts and so cuts off the cur* 
rent automatically. 

6 
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INTERNAL WIRING OF BUILDINGS 

When alternating currents are employed, strictly 
speaking the calculations derived from Ohm's law 
should be modified ; ^ but in ordinary wiring work, 
where the capacity of the conductors does not play 
an important part, and the currents and cables em- 
ployed are not of an exceptionally heavy nature, 
the calculations may be carried out on the same 
lines as those for direct currents, 

* See Appendix. 
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CHAPTER II 

Electric Cables 

OF all the materials used in wiring, the most 
important, from every point of view, are the 
cables or insulated conductors. These have to be 
insulated to avoid any possibility of positive or 
negative wires coming in contact with one another, 
either directly, owing to the resistance of the lamps 
being omitted, or indirectly, by moisture or any 
semi-conducting substance, such as wet plaster or 
cement. The consequences that may ensue should 
the positive and negative wires from any cause 
become directly connected, and thus cut out the re- 
sistance of the lamps, may be of a very disastrous 
nature, and what is known as a " short circuit " at 
once takes place. This is of the same nature as an 
explosion, an immense amount of electrical energy 
being suddenly liberated, which heats the conduc- 
tors to such an extent that either some portion of 
the metallic circuit is melted or else damage is done 
to the machinery producing the current. It is al 
ways possible for short circuits to occur ; it is 
necessary, therefore, to distribute what are known 
as " fuses " or " cut-outs " at different points in the 

8 
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INTERNAL WIRING OF BUILDINGS 

circuits, so that in the event of a short circuit the 
fuse, which is made of easily fusible metal, at once 
melts, owing to the excess of currentj and auto- 
matically cuts off the current before the copper 
conductors are sensibly hecited. 

If moisture finds its way through the insulated 
coverings to the metallic cores of the conductors, an 
^^ earth " connection is thus set up, with the result 
that the current leaks away from one pole through \ 
the moisture or " earth " to the other pole. Electro- 
lytic action then takes place, which dissolves the 
copper on the positive conductor to such an extent 
that the circuit is eventually broken. If the mois- 
ture is a good conductor a *" dead earth " connection 
is set up, and is likely to be as disastrous as a shorf 
circuit. In fact, earth connections generally are a 
source of such great danger that companies supply- 
ing the current from central stations invariably 
refuse to connect a building to their mains, if any 
decided earth conneetion can be detected by means 
of the testing instruments usually employed. 

It will thus be seen that the insulation of cables 
is of great importance, and when it is remembered 
that the insulating material must be pliable to 
allow the cables to be bent, and at the same time 
of a quaUty capable of resisting changes of tem- 
perature without deterioration, it will be readily 
understood that india-rubber is one of the best 
materials that can be employed, as in addition to 
its otlier qualities it is a very good non-conduetor 
of electricity. Many other substances are used, 
such as bitumen, resin, and paper treated with 

9 
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INTERNAL WIRING OF BUILDINGS 

paraffin ; but in the large majority of cases india- 
rubber is the insulating material employed, and in 
order to give it more lasting qualities it is gener- 
ally vulcanized. Without entering into the details 
of cable manufacturing it must suffice to say that 
the Insulation of a good serviceable conductor for 
general wiring work will consist of layers of insu- 
lated pure and vulcanizing rubber and proofed tape, 
all thoroughly vulcanized together, then braided 
and served with a special compound. The diameter 
of wires forming the conductors of cables is measured 
by certain gauges which have been in use for periods 
long before electric lighting came into general vogue. 
These gauges are knowm as the Birmingham, Brown 
and SharpCj and Standard wire gauges. There are 
very slight differences between the three, as will be 
seen by reference to the tables. 

For the sake of flexibility and to minimize the 
chances of breaking a conductor, it ia best to use 
several strands of copper. In practice the smallest 
size of stranded conductor consists usually of tlu^e 
strands of No. 22 S.W.G. ; larger sizes of cables con- 
aist of 7, 19, 37, and even 61 and 91 strands for 
very large sizes » These numbers are chosen because 
it is found that they give a circular form to the 
cross section. It is often advisable to use a cable 
of many strands in preference to one with a smaller 
number in order to gain the advantage of greater 
fiexibihty. Thus, a 19/18 cable is easier to j6x 
where a large number of corners have to be turned 
than a 7/14 cable, which is of about the aame size 
but much stififer to handle. 

10 
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Sizes of Cables to be Employed. — There are two 
principal considerations that determine the sizes of 
conductors to be employed in any building. The 
first is the amount of heat produced by the current 
and the resistance of the conductors, and the second 
is the drop in electrical pressure due to the resist- 
ance of the conductor. The conditions in these two 
respects are to a limited extent analogous to the 
conditions under which water flows in pipes. Loss 
of pressure occurs in pipes owing to the friction or 
resistance to flow, and the cross section has to be 
proportioned to the quantity of water flowing. 
Similarly, when an electric current pa^sses along a 
conductor the latter offers a resistance to its passage 
in strict proportion to its size or cross sectional area, 
and if the current is very large and the sectional 
area small, the loss in electrical pressure may be 
considerable and cause a very sensible heating of 
the conductor. If carried to extremes the heating 
may result in the melting of the conductor. In an 
incandescent lamp the filament becomes white hot 
because the resistance is very great and the current 
large in proportion to the sectional area of the 
filament. 
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072 


1 829 


004072 


2627 






14 


60266 


98 




080 


2032 


005027 


324a 






13 


6-6476 


124 




092 


2337 


*(HJ6648 


42S0 






12 


S-4M9 


150 




104 


2 642 


-008495 


5480 






11 


1 10-668 


18-0 


1 


116 


2946 


-01057 


6819 






10 


12-868 


21-0 


i 


128 


3251 


^01287 


8303 


J 




9 


lG'2g6 


27-0 




144 


3658 


-01629 


1051 


i 




S 


20106 


31-0 




160 


4064 


02011 


1297 


1 




7 


34-328 


360 




176 


4-470 


'02433 


15-70 


1 




6 


23 952 


420 




192 


4-877 


-02895 


18-68 


1 




5 


35-298 1 


48-0 




212 


5385 


-03530 


2277 


1 




4 


42273 


570 




232 


5-893 


-04227 


27-27 


J 




3 


49-875 ! 


64-0 




9.6?! 


6-401 


-04988 


32 18 


I 




2 


59-828 


750 




276 


7-010 


113083 


38-60 


9 




1 


70-685 


85-0 


-300 


7620 


07069 


45-60 


M 




1/0 


82447 


97-0 


*324 


S-230 


-08246 


63-19 


^ 




2/0 


95 I U 


lOS-0 




-348 


8-839 


09511 


6136 






3/0 


10868 


1^0 




'372 


9'449 


-1087 


70 13 






4/0 


126-66 


1350 




-400 


10-16 


1257 


81-09 






5/0 


1 146*67 


1650 




-432 


10-97 


1466 


94 i^ 






6/0 


169-09 


1730 




^464 


11-79 


-1691 


109 I 






7/0 


106-34 


196-0 


*500 


12-70 


1963 


126 6 
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INTERNAL WIRING OF BUILDINGS 

Dimensions, Capacity, Resistance and Weight. 





Standard Resistance at 60° Fabr. 


Standard 


Weight. 


Size. 




Ohms 


Ohms 
per Mile. 


Ohms per 


Pounds 


Pounds 






per 1,000 


Kilo- 


per 1,000 


per 


S.W.G. 




Yards. 


metre. 


Yards. 


Mile. 






3905 


68^72 


42-70 


7120 


1253 


22 




29-90 


52-62 


3270 


9-301 


16-37 


21 




23-62 


41-57 


25-83 


11-77 


20-72 


20 




19-13 


33-67 


20-92 


14-53 


25-58 


19 




1328 


23 38 


1453 


20-93 


36-83 


18 




9-762 


1718 


10-68 


28-48 


5012 


17 




7-478 


13-16 


8-178 


37 20 


65-47 


16 




5-904 


1039 


6-456 


4709 


82-87 


15 




4-784 


8-419 


5-232 


5813 


1023 


14 




3617 


6-366 


3-956 


76-88 


1353 


13 




2831 


4-982 


3-096 


98-24 


1729 


12 




2-275 


4-004 


2-488 


1222 


2151 


11 




1-868 


3-228 


2-043 


148-8 


261-9 


10 




1-476 


2-598 


1-614 


188-4 


3315 


9 




1-195 


2-104 


1-307 


2325 


4092 


8 




•9881 


1-739 


1-081 


281-3 


495-1 


7 




•8307 


1462 


•9085 


334-7 


589-1 


6 


i -6813 


1-199 


•7451 


4082 


718-4 


5 




•5688 


1001 


•6220 


488-8 


860-2 


4 




•4821 


•8484 


•5272 


576-7 


10150 


3 




•4019 


•7073 


•4395 


692-0 


1218-0 


2 




•3402 


•5987 


•3720 


817-6 


14390 


1 




•2917 


•5133 


•3190 


9534 


1678-0 


1/0 




•2528 


•4450 


•2765 


1099-0 


1935-0 


2/0 




•2212 


•3893 


•2419 


1257-0 


22120 


3/0 




•1913 


•3367 


•2092 


14530 


2558-0 


4/0 




•1640 


•2887 


•1794 


1695-0 


2983-0 


5/0 




•1422 


•2503 


•1555 


1955-0 


34410 


6/0 




•1225 


•2156 


•1340 


22700 


3995-0 


7/0 
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Details of 


Conductors {conthitted}. 


J 




Sixe. 


Amperes 
at 1.0O0 
per fiqti&re 
inoh. 1 


Amperes 
I, E. E. 


Diampt^r oF each 
Wire. 


IHameteTof Stmtid. 






s.w.a 


Iq 

Iq&bea. 


In 
Millimetres. 


In 
mcbes. 


In 

Milli- 


1 




3/25 


■9311 


2-452 


■020 


■5080 


-043 


1092 






3/24 


1 127 


2-868 


022 


'5588 1 


-047 


1194 






3/23 


1-341 


3-307 


-024 


^6096 


-052 


1*321 






3/22 


1825 


4-258 


-028 


■7112 


-060 


1524 






3/21 


2 384 


5-301 


-032 


'8128 


*069 


1-753 






3/20 


3016 


6-444 


-036 


-9144 


^078 


1981 






3/19 


3-725 


7-644 


-040 


-1016 


*0S6 


2^84 






3/18 


5-364 


1031 


-048 


-1219 


103 


2616 






7/25 


2-177 


4921 


-020 


-5080 


-060 


1-524 




7/24 


1 2633 


5-751 


-022 


-5588 


-066 


1*676 






7/23 


! 3 135 


6636 


-024 


-6096 


-072 


1-829 






7/22 


1 4266 


8-543 


-028 


'7112 


084 


2134 






7/211 


4890 


9565 


-030 


-7620 


-090 


2*286 






7/21 


5-571 


10-63 


*032 


-8128 


-096 


2-438 






7/20i 


5'925 


11-19 


■033 


'8382 


-099 


2*515 






7/20 


7052 


12-90 


-036 


-9144 ! 


-108 


2-743 






7/19 


S-708 


1534 


■040 


rOI6 i' -120 
1219 1 -144 


3048 






7/18 


12-54 


20-68 


■048 


3658 






7/17 


1706 


26-62 


'056 


1-422 1 


-168 


4-267 






7/16 


22-27 


3312 


■064 


1-626 


-192 


4-877 






7/15 


28-22 


40-22 


*072 


1-829 


-216 


5-486 






7/14 


34^83 


47-80 


■oso 


2-032 


-240 


6096 






7/13 


4605 


60- 10 


^092 


2-337 


■276 


7-010 






7/12 


58-84 


7347 


■104 


2-642 ' 


■312 


7-925 1 






7/11 


7322 


87'0O 


-116 


2-946 


*348 


8-839 






7/10 


89' 17 


103 3 


128 


3-251 


-384 


9-754 






7/9 


112 9 


125 4 


■144 


3-658 . 


-432 


1097 




7/8 


13£>-3 


1490 


-160 


4-064 


■480 


12-19 






7/0 


2006 


2009 


-192 


4-877 


•676 


1163 
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L 


EJli.'ctive ATeiL, v't, Area 
of Siilid Wire havuig' 


Stiitidaril Hesi stance at 




SiEo. 


i 


f<?Tin? ConduElivity, 




uu raiir. 




Standard 




w 




SquiLre 
metres. 
















Per 1,000 
yards. 


Per ' 
mile. 

45*46 


Kilo, 
luetfe- 


S.W,G. 




<KXI93I1 


iKM}7 


25 82 


28-24 


19-42 


3/25 






001127 


■7271 


21-33 


37 


5-5 


23-33 


23^49 


3/24 






001341 


*8(i51 


1794 


31 


57 


19-62 


27-96 3/23 






001825 


1177 


13-18 


23 


19 


14-41 


38-05^ 3/22 






002384 


1538 


10-09 


17 


75 


11-03 


49-71 


3/21 


L 




003016 


1-946 


7'972 


14 


03 


8-718 


621^2 


3/20 


1 




003726 


2-403 


6-455 


11 


36 


7-059 


77-68 


3/19 




'005364 


3-461 


4-482 


7-889 


4-902 


1118 


3/18 


1 


■002! 77 


1404 


1105 


1944 


12-08 


45-23 


7/25 






rMJ2t^33 


1-699 


9 131 


16 07 


9-986 


5471 


7/24 


K 


■ 


003135 


2-023 


7-670 


13-50 


8*389 


65-12 


7/23 


1 




0041^66 


2-752 


5'636 


9-920 


6^64 


88*63 7/22 | 


■ 




0O4S96 


3-159 


4-910 


8-643 


5-371 


101 a 


7/2li 






005571 


3-594 


4-316 


7596 


4*720 


115 8 


7/21 






005»25 


3-822 


4-059 


7 143 


4-439 


1232 


7/20| 






007052 


4550 


3-410 


6-0<>l 


3-729 


' 146-6 


7/20 






008708 


5-618 


2-761 


4800 


3-020 


180-9 


7/19 






01254 


8090 


1-918 


3376 


2097 


260-5 


7/18 






01706 


1101 


1-410 


£■480 


1-641 


354-6 


7/17 






0'^>*>7 


14-37 


1'080 


1 000 


1181 


463' 1 


7/16 


■ 




02S22 


18^21 


■8523 


1-504J 


■9321 1 


586-2 


7/15 


1 




03483 


22'47 


•691)3 


1 215 


■7650 


723-6 


7/14 


1 




04605 


29-71 


■59^^ 


■9190 


-5711 ,' 


957 -1 


7/13 


1 




-05884 


37-96 


*4086 


■7192 


*4469 


1223-0 


7/12 


1 




07322 


47-24 


*32H4 


■5780 


■3592 


1622^0 


7/11 


1 




0^917 


5753 


■2097 


■4746 


-2950 


18530 


7/10 


' 




1129 


73-84 


2131 


'3750 


■2330 


2345-0 


7/9 






1393 


8997 


■lT2Vi 


-3037 


^1887 


2894*0 


7/8 


1 


■2006 


129-4 


*1199 


-2110 


-1311 


4167*0 


7/6 
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Details of Conductors {continued). 



5ise> 



S> W. G, 



19/22 
19/21 

19/20 
19/19 
19/18 
19/17 
19/16 
19/15 
19/14 
19/13 
19/12 
19/11 
19/10 



37/19 
37/18 
37/17 
37/16 
37/15 
37/14 
37/13 
37/12 



61/18 
61/17 
61/16 



Ainperen 
at 1,001* 

per 
SqunTe 



1167 
1510 

1912 
23-60 
33-99 
4627 
6039 
7650 
94-42 
124-9 
159-5 
198-5 
241-7 



37-22 
45'96 
6619 
90-06 
IH'fi 
148-9 
183-8 
243 1 
310-5 



109-1 
148-5 
193"9 



at 

I. E.E, 

Standard , 



19-36 
24-09 
29-23 
34 74 
4685 
60-33 
75-06 
91-12 
1083 
136^2 
166-4 
199-2 
234-0 



50-47 
61-07 
8091 
104-2 
120*6 
157 '3 
187-0 
235-2 
287-4 



121-9 
1570 

195-4 



Diameter of eafh 
Wira, 



In 



*032 
■036 
'040 
■048 
-056 
-0G4 
-072 
-080 
-092 
-104 
■116 
128 



-036 
-040 
■048 
-056 
^064 
■072 

*oao 

-092 
104 



•048 
-056 
'064 



In 
MilUmetrpa 



•7112 

-8128 
•9H4 
1-016 
1-219 
1422 
1-626 
1-829 
2-032 
2337 
2642 
2946 
3-251 



9144 

1016 
1-219 
1^422 
1-626 
1-829 
2-032 
2'337 
2-642 



1-219 
1422 

1-626 



Diameter ol Strand. 



In 
Incfaei^. 



-140 
-160 
180 
■200 
-240 
-280 
-320 
-360 
-400 
■460 
•620 
-580 
-640 



-252 
■280 
336 
'392 
*44g 
■504 
-560 
■644 
■728 



•432 
-504 

-576 



In MiUt- 
inetreB. 



355ti 
4064 

4-572 
6080 
6096 
7-112 
8-128 
9144 
10 16 
1168 
13-21 
14-73 
1626 



6401 

7112 
8^534 
9967 
11 38 
1280 
1422 
1636 
18-49 



10-97 
12-80 
14-63 



t8 
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1 


EiSeciive Area, vi». 




1 










Area of Solid Wire 


Sta.ailn.rJ EeaiBtauc^ at 




Si 24^. 






luiv'ing Bume 




60° Fahr. 








O'mdnGtivitj. 






StfiDdard 
Weight 


















^ 


R^jnare 
Incbed. 


Sqiinre 
Milli- 
metres. 


Yarda. 


Per 
Mile. 


• 
metre. 


per Mile. 


S. W. G. 




■0U57 


7-464 


2079 


3-659 


2-274 


240-8 


19/22 


■ 


01510 1 


9742 


P592 


2-802 


r74i 


3146 


19/21 




■ 


01912 


1234 


1257 


2213 


1375 


3983 


19/20 




P 


■02360 


1523 


1-019 


1-793 


1 114 


491-7 


19/19 






03399 


21-93 


■7074 


1245 


'7736 


707-9 


19/18 


^^H 




iumi 


29-85 


%5197 


'9147 


'5684 


963-3 


19/17 


^^^1 




06039 


3896 


'3981 


-7007 


-4354 


1258'0 


19/16 


^^H 


1, 


'07650 


4935 


^3143 


'5532 


3437 


1593-0 


19/15 


^^H 


K 


■09442 


6091 


'2547 


■4482 


-2785 


1966-0 


19/14 


^^H 


■ 


1249 


80-53 


-1926 


'3389 


'2106 


2601-0 


19/13 


^^^1 


■ 


■1595 


1029 


■1507 


'2653 


-1649 


33230 


19/12 


^^H 


■ 


-1985 


1281 


■1211 


-2132 


'1325 


41340 


19/11 


^^H 


^ 


'2417 


1559 


'09949 


■1751 


■1088 


5034^0 


19/10 


■ 




■03722 


2401 


'6460 


1137 


^7065 


7758 


37/^20 


1 


b 


■04596 


29'65 


'5232 


■9208 


■5722 


957-9 


37/19 


H 


■ 


'06619 


4270 


■3633 


'6394 


'3973 


13790 


37/18 


H 


■ 


■09006 


58^ 10 


'2670 


■4699 


-2920 


1877-0 


37/17 


H 


■ 


1176 


7i>87 


■2045 


'3599 


■2236 


2451-0 


37/16 


H 


■ 


1489 


960fi 


■1615 


■2842 


■1766 


3103 


37/15 


H 


■ 


*1838 


118 6 


■1309 


■2303 


■1431 


3830-0 


37/14 


H 


■ 


2431 


156^8 


'09892 


4741 


-1082 


5066-0 


37/13 


H 


1 


^3105 


2003 


■07744 


'1363 


08469 


6474;0 


37/12 


1 


^ 
^ 


■1091 


7038 


■2204 


■3879 


■2410 


2274^0 


61/18 


■ 


■ 


-14S5 


9580 


1619 


'2860 


1770 


30940 


61/17 


^1 




■1939 


126 1 


1240 


'2183 


1356 


40420 


61/16 


1 


^^ 
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INTERNAL WIRING OF BUILDINGS 
Details op Conductohs {continued). 



Sise. 



s, w. G. 



61/15 
61/14 
61/13 
61/12 



91/14 
91/13 
91/12 
91/11 



Am p^ndp 
a.t 1,U00 

pet 
Bqaare 
IncTo. 



2456 
302'9 

400-8 
5120 



451-9 

597-7 
763-8 
950-4 



Amperes 

at 
L E. E. 
Standard. 



237 
281-6 
3543 
433 1 



3910 
491 7 

600-1 
719-3 



Diiimet»»r !>f eo/ch 
Wim. 



lu 



072 

■oso 

-092 
104 



-ogo 

-092 
104 
116 



III Miiii- 

metres. 



1829 
2032 
2-337 
2-642 



2032 

2-337 
2-642 
2-94ti 



Diameter of Strand. 


1 

In 


ly l^liUi' 


, InclipH, 

1 


inetf^fl. 


•648 


16-46 


■720 


18-29 


'828 


21-03 


■93G 


23-77 


-880 


22 35 


1-012 


25"70 


1 M44 


29-06 1 


1276 

\ 


3241 



In order to calculate the energy lost in heating, 
due to the passage of the current along conductors, 
it becomes necessary to know the resistance in 
ohms of given lengths of the cables employed. 
Now the "specific resistance'' of copper, i,e. the 
resistance of a piece of given dimensions compared 
with the resistance of a piece of silver of similar 
dimensions, has been ascertained with great accu- 
racy, and taking the resistance of silver as unity, 
the relative resistance of annealed copper is 1-063 at 
0^ Centigrade- If, therefore, the actual resistance 
in ohms of a given length of silver wire, say one 

1 " 
yard long and , ,^^^ diameter, is known, the resistance 



100 



20 
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1 




Kffectiva Area., viz. 
Area of SoHd Wire 

Co«dnc(ivity. 


6if FtiUr. 


Standard 
Whisht 

parMik. 


Si^e. 




Sqoare 


Stinara 

iiili- 
metres. 


Per 1,000 
Tarda. 


Per 
Mile. 


Per Kilo- 
metre, 


S.W.G 


■2455 

^3029 
■4008 
5120 

'4519 
'5977 
■7638 
'9504 


1584 

J 95-4 
258-6 
330-3 

2915 
3856 
4928 
6131 


^09795 
07037 
'0600<J 
t»4697 

'05320 
■04023 
■03148 
■02530 


1724 

13D7 
■1056 
-08266 

■09364 
■07080 
05641 
■04453 


■1071 
08681 
'06562 
■05136 

•05819 
■04400 
■03443 
02767 


51160 

63160 

83530 

106740 

94420 
124620 
15925 
198110 


01/15 
61/14 

61/13 
61/12 

91/14 

91/13 
91/12 
91/11 


^1 of a similar piece of copper wire can be calculated, 
^1 and from this again any lengths of copper conduc- 
^P tors, always bearing in mind that the resistance is 
H proportional to the length and inversely proportional 
^1 to the eroBS sectional area. Complete tables are 
^M here given of the more usual sizes of conductors used 
^M in wiring, giving the resistances, sizes, weights and 
^1 diameterSj Lneluding insulation, and the current 
^L giving 2} volts drop in pressure for every 100 yards 
^H of double run. 

^m Suppose, for instance, it is required to know the 
^M resistance of 1 00 yards of 3/22 cable, a size very fre- 
^M quently used in wiring work. From books we find 
^H that the resistance of the above-mentioned yard of 

^^^^^ Digitized by GoOglC 
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INTERNAL WIRING OF BUILDINGS 

silver wire of ——- diameter is -2714 ohm. There- 
fore the resistance of a similar piece of annealed 
copper wire is 2714 x 1063 = 2885 ohm. The 

I"' 
sectional area of wire ——diameter is 0000786 D'^jand 

of a single wire of 22 gauge (of which the diameter is 
•028'') is0006154n''. A 3/22 stranded wire has there- 
fore a sectional areaof 000616" x 3=001 846 q"'. The 

•0000785 
resistance then of 1 yard is ^2885 x ^^,^^ =: -01226 
^ 001846 

ohm. Therefore the resistance of 100 yards of 3/22 
is 1226 ohms. This number is not quite the same 
as that given in the table, the explanation being 
that the sectional area is slightly larger than ^001846 
owing to the fact that the three strands of wire 
are put together in a slightly spiral form, conse- 
quently the sectional area is greater than if all the 
wires were perfectly straight. In the tables, account 
is taken of the decrease of resistance due to the 
spiral winding of the stranded conductors. 

Current Density in Conductors, — ^The greater the 
current that passes through a conductor of given 
diameter the greater is the loss in pressure and the 
heat produced ; hence it is necessary to fix some 
proportion between the diameters of conductors and 
the current they shall carry, in order to avoid over- 
heating. For the internal wiring of buildings any 
danger of overheating can be avoided by using 
conductors of such a sectional area that the current 
in them shall not be proportionately greater than 
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1,000 amp^re^ per square inch of sectional area of 
conductor, or, in other words, the *' current density " 
must not exceed 1,000 amperes per square inch. 
Thus the maximum current that should be carried 
by a 3/ 22 cable of which the sectional area is ^OOIS" 
is 1,000 X ^0018 or VS amperes. It will be seen from 
this that it is only necessary to multiply the area 
of a conductor (in square inches) by 1,000 to find 
the maximum can\ying capacity in amperes. In 
order to avoid undue loss of pressure ^ it is very 
frequently advisable to employ larger conductors 
than those given by this rule, but as regards heat- 
ing effects only, the 1,000 amperes per square inch 
rule is very largely adopted as a practical rule of 
thumb guide for determining the sizes of conduc- 
tors. This rule is empirical and can be relied on 
to this extent only, that it wiU not under any 
circumstances permit pure copper conductors to 
become dangerously hot, but it is no guide at all 
as to the ultimate temperature the conductor will 
reach ; this depends on a variety of circumstances 
into which it is not necessary to enter here.* In the 
tables of details of conductors, the resistances, 
weights, areas, loss in pressure per 100 yards run 
are given, so that any calculation requiring these 
figures can be easily made. 

Where the conductors are not of pure copper, as 
in switchboards, wall sockets, ceding roses, etc., it is 
necessary to allow a much lower current density, as 
the brass or gun-metal of which these are made has 
a higher specific resistance than pure copper ; conse- 
^ See Appendix 
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quently the heating effect with a given current is 
greater, and the current densit}^ should not be al- 
lowed under any circumstances to exceed 500 
amperes per square inch. 

If the current density is kept within the 1,000 
amperes per square inch limit, it will be found that 
in most buildings not only is there no danger from 
overheating, but also that the drop in pressure at 
the ends of the cireuits is not excessive, being gen- 
erally not more than 2 or 3 per cent, of the total 
voltage. In specifications issued by consulting 
engine 3rs it is often stipulated that this drop shall 
not exceed 2 per cent, at the ends of the longest 
circuits. In buildings, therefore, where the runs 
are likely to be long, it becomes neeessary to cal- 
culate carefully the sizes of the conductors, to see 
if the 1 ,000 ampere per square inch rule allows suffi- 
cient area of conductor. 

Now the electrical pressure or " voltage " em- 
ployed determines largely the size of conductors to 
be employed ; thus it has been mentioned above that 
an incandescent lamp of 16 candle-power requires 
60 watts to bring it to a normal incandescence. 
This energy may be delivered theoretically at any 
voltage, provided the lamp Is suitably made. If, 
for instance, a pressure of 10 volts were employed, 



the current would be --— ^6 amperes; but if it should 

gftk 
be 200 volts, the current becomes — — = "3 ampere, or 
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— of the former amount. 



It is obviouBj therefore, 



that a conductor to carry 6 amperes must be 20 
times larger than one used to carry '3 ampere, 
provided the current density in each is the same. 
Similar conditions \\'ouId obtain in two water pipes 
delivering the same energy in water, but at pres- 
sures differing as 1 : 20. The pipe carrying the 
water at the low^er pressure would require a sectional 
area 20 times larger than that of the other. Ej 
increasing the voltage of lamps, thereforej the 
current can l>e correspondiDgly decreased and a 
large saving effected in the copper employed in the 
conductors. This is of great practical importance, 
and there is a general tendency to increase the 
voltage of lamps. At the present time the limit is 
about 250 volts, and it is not improbable that even 
this high voltage may be increased. Tt must be 
remembered, however, that with the higher pres- 
sures employed the difficulties of efficiently insulat- 
ing the conductors increase, and special apparatus 
hae to be introduced in order to ensure safety to 
the consumers of electrical energy. It may be 
mentioned here that wires for electric bell connec- 
tions are very lightly insulated simply because the 
pressure is very small (not exceeding one or two 
volts), consequently there is little danger of the 
insulation breaking down. 

By raising the voltage then the current is de- 
creased, and this decrease means also a smaller loss 
of pressure over a given resistance. There is there- 
fore a double gaia^ decrease of loss of pressure and 
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diminution of current. This follows directly from 
Ohm's law, which states that E =:CR or EC = C^i?. 

From this it will be seen that any diminution of 
current in a given conductor causes the power {EC) 
lost to vary inversely as the square of the current. 
The power thus lost is frequently referred to as the 
C^R or frictional losses. 

In order to gain the full advantages of higher 
pressure, supply companies for direct current are 
making great efforts to induce their customers to 
adopt higher voltage lamps ; and in cases where this 
has been done, it has been possible to extend the 
lighting areas from given centres to a very large 
extent. 

An example may make this more clear. Suppose 
100 16-c.p. lamps of 60 watts each and 100 volts are 
fixed at the end of a 19/16 cable 100 yards long 
altogether. The resistance of this length is 0406 
ohm, and the current taken by the lamps is 100 x -6 
=:60 amperes. The loss in pressure along this 
cable will be 60 x 0406 —2-439 volts, and the loss 
in watts 60 x 2439 = 14637 watts. If now the 
voltage of the lamps is increased to 200 volts the 
current is halved to 30 amperes. The resistance 
of the cable remains the same, and the loss in 
pressure becomes 30 x -0406 =: 1219, and the loss in 
watts 30 X 1-219 =: 36-59. This is J the watts lost 
in the former case. In order to obtain the same 
loss in watts in the same length, the cable at the 
higher voltage would be J the size, or, to put it 
in another way, the same loss in watts would occur 
if the cable were four times as long. In the wiring 
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of buildings a considerable economy can be effected 
in the size of conductors by increasing the pressure, 
and in cases where the wiring has akeady been 
put in to carry current for lamps of 100 volts, if 
the voltage is changed to 200, no less than 4 times 
the number of lamps can theoretically be used 
with the same loss in watts. In practice, however, 
it is not advisable to allow more than double the 
number of lamps, for the current density is only 
halved, and if the conductors were originally put 
in allowing 1,000 amperes per square inch, it is 
not usual to allow a greater current density than 
this. 
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CHAPTER Til 

General Arrangement of Conductors 
and Cut-outs in Buildings 

AS a general rule the supply of current from a 
central station or other source is taken into 
a building in the lower floor, a convenient position 
being seleeted for the termination of the mains. At 
thi^ point a fusible cut-out is placed on each con- 
ductor or "' ipohj^ and the conductors are then run 
to the various points throughout the building, and 
can be gradually diminished in size as they get 
nearer the top of the building, as the number cf 
lights they have to supply is diminished. It is of 
the first importance to remember that wherever the 
size of conductor is diminished a double-pole cut- 
out must be placed where tliis change of area takee 
place ; or, in other words, the cut-outs must be jdaced 
at the roots of the hnmch^s from the mains. The func- 
tion of these cut-outs is not to prevent the lamp 
filaments from giving way, owing to excess of pres- 
sure, but to protect the conductors from dangerous 
overheating, due either to short circuits or excessive 
leakage of current. 
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In towns and situations where the current is ob- 
tained from a central station, the work of bringing 
the mains into the building from the street is under- 
taken usually by the company supplying the current, 
and in most cases these short lengths are run in 
iron barrel, which is by far the most efficient pro- 
tection for work of this description. 

After leaving the company's double-pole fuse, the 
conductors are run first to a meter, and then to a 
main double-pole switch and fuse, which must be 
placed as close as possible to the company's fuses, 
care being taken that no current whatever is taken 
from the mains between this switch and company's 
fuse, otherwise the main switch will not control 
every light in the building ; and» in addition, should 
any fault be developed behind the main switch, 
there is no meana of cutting off the current, as the 
fuses of the supply company are generally very 
large, and not likely to melt except in extreme cases. 

After leaving the main double-pole switch and 
cut-out. the conductors should be taken to various 
distributing fuse-boards, placed in convenient posi- 
tions throughout the l)uilding, and smaller con- 
ductors are run from tliese boards again to the 
various points where the lights are required. Dis- 
tributing boards consist of groups of fuses on each 
pole fixed to an insulated base, and enclosed usually 
in boxes to protect them. Later on a fuller descrip- 
tion of various fuses will be given. 

There are two simple methods of arranging the 
mains in a building : either one pair of mains can 
be run, and the various sub-distributing fuse-boards 
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fed from these by short branch e.s of the satiie size 
as the mains, or else the mains themselves can be 
subdivided at a point where a fuse-box is placed, 
and from this again smaller mains are run to the 
smaller distributing boxes. The first plan is suit- 
able for aniall buildings, as it is very simple, and 
the second plan for larger buildings, as it admits 
of each section of the mains being tested separately 
when necessary. This is of great importance, as it 
is often difficult to localize faults unless the circuits 
can be divided into sections. These two systems 
are diagrammatically shown in Figs. 1 and 2. 

TkTeB'tmre System. — In large buildings, in which 
the number of lights is likely to exceed 100, it is 
a very usual practice to introduce what is known 
as the '' three- wire system." The object of this 
system is to gain the advantages of higher voltage 
without increasing the actual voltage of the lamps. 
The method employed is simple, being merely the 
connection of two circuits, each supplying current 
at a given voltage into one system, whereby the 
pressure is doiiblcd. Thus, A and B are two sepa- 
rate systems, each supplying current at 100 volts 
to a number of lamps. If now the two systems are 
joined together, as in C, the pressure over the whole 
installation becomes 200 volts, but the lamp pres- 
sure remains as before, or 100 volts, because the 
middle wire is so connected that there is never more 
than 100 volts between it and each of the outside 
conductors. The advantage of this system may 
not at first be apparent, as the current in the two 
outer conductors is the same if the two systems are 
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connected together or separate, but in C it will 
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be noted that the current in the middle wire is 

.SI 



Digitized by 



Google 



INTERNAL WIRING OF BUILDINGS 

marked by the arrows as flowing in opposite direc- 
tions. This means that the two currents neutralize 
one another in this portion, and that there is no 
resultant current in this wire unless the number of 
lamps on each side of the middle wire is unequal, in 
which case the balance flows back by it. The gain, 
therefore, consists in this : that if the current in 
the two sides of the middle wire is balanced, the 



Aztm 



B 



nn 




.200 
VOLTS 



ITiree-wirft system. 

current flows through a much shorter length of 
conductor than it would do otherwise, consequently 
the loss in pressure is much less. In fact, assuming 
the current to be taken from the ends of long 
lengths of conductors, if a three-wire system with 
the two portions equally loaded is employed instead 
of two separate systems, the current will travel 
through half the length of conductors, i.e. two wires 
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instead of four, and the loss of pressure will be 
halved. 

In practice it is seldom if ever possible to so 
arrange matters that the current is the same on 
each side of the middle wire, consequently there is 
generally a current flowing in the middle or balanc- 
ing wire. As lamps are switched on or off on each 
side of the middle wire the balance is altered, and 
if, as is sometimes the case, all the lamps on one 
side are switched off, the system becomes an ordinary 
one of two conductors only. This is an extreme 
case, and care should be taken to arrange the Ught- 
ing so that the number of lamps alight on each side 
of the middle wire is about the same. If this is 
done the middle wire can be made appreciably 
smaller in area than the outside wires. The exact 
size to be used can only be approximately deter- 
mined, and it is usual to allow it to be from about 
one-third to two-thirds the area of the outer con- 
ductor, according to the possibility of obtaining 
good balancing on each side. Figs. 1 and 2 show 
two methods of connecting the mains throughout a 
building to the different fuse-boards on the three- 
wire system. Fig. 1 shows the simpler method, 
which may be used for smaller buildings ; Fig. 2 
the method for larger buildings, where it is neces- 
sary to be able to subdivide sections of the mains 
for testing purposes. In this latter case the full 
advantage of the three-wire system is only gained 
up to the main distributing board. 

The three-wire system is of great advantage to 
companies supplying current, inasmuch as it en- 
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Fig. 2. — Three- wire system. Subdivided mninii. 
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ables them to gain the advantage of the higher 
voltage. It is not, however, of such corresponding 
advantage to the consumers, as the various circuits 
have to be run back to a central distributing board 
before any advantage can be taken of the system. 
This is seen in Fig. 2. In buildings where the 
current amounts to 50 amperes, most supply com- 
panies insist that the three-wire system shall be 
employed. 

In order to calculate the loss in pressure in the 
conductors fixed in a building, we will take as an 
example an ordinary dwelling-house, in which say 
100 lamps of 16 candle-power are fixed and all 
alight at the same time. We will assume that 100 
volts is the pressure, and that each lamp takes 60 
watts. Under these circumstances, the current in 
the mains supplying the whole house will be 60 
amperes, distributed as follows : — 



3rd floor. 


10 lamps, 


or 6 ampdres 


2nd „ . 


. 15 „ 


» 9 >) 


Ist „ . 


. 30 „ 


„ 18 „ 


Ground floor , 


. 30 „ 


99 IS » 


Basement 


15 „ 


>> 9 >> 



100 lamps. 60 amperes. 

We will assume the current for the lamps on the 
various floors is taken from 3 distribution boards 
shown on the 1st and 2nd floors and the basement. 
Now it may be convenient to take current from any 
given fuse-board to supply lamps on the floors im- 
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mediately above or below, therefore the number of 
amperes given on each floor is no accurate indica- 
tion from which fuse-board the current is taken. 



D 



2« FLOOR 
ZOfT 



I^^FLOOR! 



30 FT 

GROUND 
FLOOR 



BASCMENTBf 



l^k* 



^AMP 
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^^j_^ 



FUSE 
BOARD 



7/ill 



E eoFT. 



15 OR 9 AMR 



30 OR IS AMP 



rya& .BOARD. 



V 



500RI8AMR 



t 



DP. FUSE 



I5 0R9AMP 



FUSE BOARD. 



Diagram for calcalating loss in muns. 

Thus the 30 lamps on the ground floor may be 
supplied partly from the 1st floor and partly from 
the basement. We will assume, therefore » that 15 
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amperes is taken frooi the 2nd floor board, 30 am« 
p^res from the 1st floor board, and 15 amperes 
from the basement board. At each of the points 
B, C\ and D, 15, 30, and 15 amperes respectively 
are taken from the mains ; therefore the portion 
C D carries 15 amperes, B C 45 amperea, while A B 
carries the full GO amperes. The distances of these 
various portions are given as 20, 30, and 60 feet 
respectively; it becomes therefore quite easy to 
calculate their resistances and the drop of pressure 
due to the flow of current in them. As that por- 
tion of the mains above B, however, does not carry 
the full current, it is assumed that the mains are 
reduced at this point and a pair of cut-outs fixed. 

It will be seen from the tables of cables above given 
that to carry a current of CO amperes a 19/14 may 
be used, assuming a current of under 1,000 amperes 
per square inch is allowed. Now the resistance of 
this cable per 100 yards is '0256 ohra ; therefore, if 
60 feet run is required, as shown in the figure the re- 

60 X 9 
Bistance will be '0256 x - -^ =r -0102 ohm. and 

100 X 3 

the losa in pressure ■0102 x 60 =: -61 volt* 

Here the length 60 is multiplied by 2 to allow 
for both positive and negative wires, or ** lead '* and 
" return " as they are generally called. From B to 
C a smaller conductor can be used to carry 45 am- 
peres, and we will assume this part of the main is 
taken right up to the fuse-board at D, To carry 45 
amperes at under 1,000 current density a 19/16 mav 
be used, and the resistance between B and C, calcu- 
lated as before, becomes ^008, the resistance per 100 

37 



Digitized by 



Google 



INTERNAL WIRING OF BUILDINGS 

yards of 19/16 being '04 ohm, and the length 30 

feet doubled as before ; the loss in pressure is there- 
fore -008x45 =-36 volt. In the last portion be- 
tween C and D the resistance becomes -0046, and 
the loss in pressure 0046 x 9 ;== '041 volt. 

Taking the pressure at A as 100 volts, the pres- 
sures at B, C and D by sul>traction are found to be 
respectively, 99-36, 99-03 and 98' 9 volts. 

We now come to the sub-mains of 5 amperes each, 
and we will take one as an example, assuming that 
from the board at D the largest branch of say 60 
feet run of 7/21 i takes 6 amperes to E, and that for 
another 20 feet beyond this a branch of 3/22 takes 
1 ampere to the point F. 

The resistance of 60 feet run of 7/21 1 is seen to 
be '2 ohm, and the loss of pressure '2 x 6 = 1'2 volts. 
Similarly the resistance of the 3/22 is 17 ohm, and 
the loss in pressure '17 x 1 ^ 17 volt. 

Adding these two losses in pressure together, we 
get the loss from D 137 volts, and the total loss 
from A M + 1' 37 =2-47 volts. 

Assuming therefore that the particular sub-branch 
we have taken is as large as any in the building, 
the maximum drop in pressure over the whole build- 
ing has been obtained. 

In this particular case it w^ill be seen that the con- 
ductors are well within the 1,000 ampere per square 
inch limit. In large buildings, where the runs are 
long, in order to avoid a loss of pressure greater 
than 2 per cent, it may be necessary to pot in con- 
ductors allowing SOO amperes per square inch. 

In a manner similar to the above the drop in 
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pressure may be calculated in any building, and in 
the case of a three- wire system it is best to assume 
all the lamps on one side of the middle wire are 
switched off, and then calculate the drop as in an 
ordinary two- wire system as above. 

Fusible Cut'Oids. — In the arrangement of wiring 
in a building the correct placing of the fuses is of 




Dltigram allowing pofiUon 
of fuSHija. 



• 'DPrUSE 

primary importance. The diagrams already given 
will indicate to some extent how those fusea should 
be placed, and it has been stated that wherever the 
conductors are reduced in area a cut-out should be 
lixed. This is a regulation always insisted on by 
fire insurance companies, and should receive careful 
attention, otherwise sections of the conductors may 
become dangerously heated and cause considerable 
damage, 
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Suppose, for instance, a small conductor, say a 
3/22, supplying current for one light, is connected to 
a much larger main, say 1 9/ 1 6 cable, carrying cur- 
rent for a considerable number of lamps, and the 
small fuses are placed at ^4 instead of B. If now a 
short circuit should occur anywhere between A and 
B, say at C, there is a sudden rush of current through 
the small conductors, which heats them to such 
an extent that they attain a dangerous heat, or 
else the larger fuses at E are melted. In any case 
some part of the circuit must give way, probably 
setting fire to the insulation, and the rupture takes 
place at the weakest point. It is obvious that if 
the smaO fuses had been placed at B the fusible 
wire would have melted at once and no undue heat- 
ing of the conductors have taken place, for fuses 
are supposed to melt at currents about 50 per cent, in 
excess of the lamp currents controlled by the fuses. 

Fuses and fuse-boards should always be placed in 
easily accessible positions, and should be so designed 
that the fuses are quite easy to repair. Wiien 
electric lighting was first introducedj small branches 
were taken off the mains at any convenient points, 
and crude round porcelain fuses fixed indiscrimin- 
ately under floors or in ceilings ae might be most 
convenient to the wiring contractor. These were 
alwa3^s getting out of order, and when broken were 
liable to set up earth connections, so that it was no 
uncommon thing to find that even when lamps 
were switched off the hghts did not go out, owing 
to the earth connections completing the circuits. 
Now, however, it is the general practice to group 
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fuses together, and to place tiiem in boxes in con- 
venient positions, so that if a fuse melts it can be 
easily replaced, and should any fault occur in the 
mring, all the small branches can be tested from 
these centre.s of distribution. These fuses are on 
each pole, so that they may act in every case of ex- 
cess of current due either to short circuiting or 
leakage to earth on either pole. For incandescent 
lighting it is a usual practice to run circuits of 
about 5 amperes or 8 lamps of 16 c.p. at 100 volts 
from the double pole fuses in the sub~diatribu- 
tion boards, using conductors of 7/211 gauge, and 
to put no further double pole fuses, even if the 
branches are further reduced to 3/22 in size. The 
fact that these small sub-branches are thus reduced 
in area without the protection of fuses is no doubt 
not recognized by the authorities ^ and many engin- 
eers will not allow it. On the other hand the fuses 
for a 5 ampere circuit are so very fine that no damage 
can possibly be done to the finest flexible cord 
by overheating due to short circuit, provided it 
is protected by a suitable 5 ampere fuse. In moat 
cases flexible cords are protected by fuses in ceiling 
roses and wall socketSj but the fuses in this case are 
on one pole only. The size of conductor employed 
for a 5 ampt^re circuit used to be a single 14 Stan- 
dard wire gauge, but as it is not advisable to use 
single conductors, as before explained, a wire of 
7/2 1 1 is now nearly alwaj^s employed, which is very 
nearly the same size. As the number of lights is re- 
duced a 3/22 is used for 1 to 3 hghts, and (excepting 
flexible cords) this is generally the smallest size of 
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conductor employed for electric lighting purposes. 

In order to avoid having any joints made in con- 
ductors, some engineers bo arrange the wiring that 
the conductors from each point of light are run 
right back to the sub-distributing boards. This 
system is extremely expensive, but is largely used 
in ship work, where salt water is certain to find out 
any weak places in badly made joints. It is not 
usual to employ it in buildings on account of the 
cost and the multiplication of conductors it entails. 

Alter?iating Currents .—The general arrangement 
of conductors and fuses apphes to wiring for alter- 
nating currents much in the same way as for direct 
currents. It must be borne in mind, however, that 
if iron barrel is used to protect the wires it is usual 
to place both conductors in the same tube to avoid 
induction effects due to alternating currents^ which, 
with heavy currents, would cause undue loss in 
pressure if each conductor were placed in a separate 
iron tube. 

Arc Lamps and 3Iotors.— Where arc lamps, either 
singly or in pairs, are employed, each circuit must 
have its own double pole switch and fuse on the 
distribution board. With direct currents, arc lamps 
require from 40 to 45 volts each to ensure steady 
running ; it is therefore usual to put them up in 
pairs on 100 volt circuits, with a resistance in each 
circuit to absorb about 10 volts. A resistance is 
essential to the working of a direct current arc lamp 
as it acts as a regulator, and the more there is of 
it in circuit the better the lamps will work. It is 
therefore a very usual practice in mills and fac- 
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torieSj where a large number of are and incan- 
descent lamps are used together at the same time, 
to fix the voltage at 110, of which the arc lamps 
absorb about 00 and the resistance 20, The power 
lost in the resistance is considerable, but the in- 
creased steadiness in the light more than compen- 
sates for this. 

Arc lamps worked by means of alternating cur- 
rents have tliis advantage over direct current 
lamps, that " choking coils " take the place of the 



¥ 
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Diagmm eliuwiyir uuun^&tioas fur two arc lojoapA id Heriea. 

resistances, and very httle power is lost in these 
coils ; but the amount of light given out by an 
alternating arc lamp is less than that given out by 
a direct current lamp taking the same current. 

The diagram shows how the connections for direct 
current arc lamps are made for working two in 
series on 100 or 110 volt circuit. The connections 
for alternating current lamps are the same, the 
choking coil taking the place of the resistance. 

Resistances and choking coils are always mounted 
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on insulators, and it is best to enclose them in well- 
ventilated iron cases, as they get hot when the cur- 
rent passes through them. Similarly the arc lamps 
themselves must be hung on insulators, and the 
working parts of the lamps insulated from the 
outer frame work, in order to avoid any possibility 
of earth connections being set up through acci- 
dental contact of the outer casing with metal con- 
nected to earth. 

The same remarks apply eciually to motors. If 
resistances are employed with them they must be 
protected and insulated, and the motors themselves 
should be fixed to strong wooden frame works by 
means of coach screws in such a manner that there 
can be no direct electrical earth connection between 
the bedplate of the motor and the earth. 

Note. — Most central stations now supply electri- 
city at 200 volts pressure, and arc lamps of the 
"enclosed" type are largely used. These lamps 
can be made to work at any pressure, from 80 volts 
upwards, so that they can be connected up either 
in single parallel on a 200 volt circuit, or two in 
series, but in each case either a resistance or chok- 
ing coil must be inserted as above described. 
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CHAPTER IV 



Jointing and Wood-casing System of 
Wiring 



/ 



OINTJNG.— One of the 



if 



I 



most important, 
the most important, part of the wiring of 
buildings is the making of proper joints in the con- 
ductors. Badly made joints are very Ukely to give 
troiible in coui'se of time, although it may be years 
before the defects become apparent. Unfortunately, 
there are no means of detecting bad joints when once 
they have been concealed in the casings or tubes, 
and nothing is more annoying than to discover 
their existence after the completion of a building in 
whichj perhaps, there are elaborate decorations and 
pain tings. Many thousands of pounds have been 
spent in rectifying joints which liave been dis- 
covered to be bad too late, and it cannot be urged 
too strongly that the utmost care shtndd be exer- 
cised in the first instance in putting in work that 
is thoroughly reliable. To make good joints takes 
time and experienced workmen — any man can make 
bad joints and scamp the work, and it is hardly an 
exaggeration to say that in nine cases out of ten in 
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cheap and bad work the faults can be traced to bad 
jointing. Most engineers can show specimens of 
inferior joints taken from buildings where faults 
have appeared, and it is very interesting to note 
how moisture has in some cases made its way to the 
conductors, and in others how defective soldering 
has led to a break in the circuit or corrosion of 
the conductors due to the use of spirit as a flux, 
instead of resin. After joints are made and insul- 
ated, it is sometimes found that the insulation of 
the whole is not as good as it should be. This is 
probably due to allowing the outer braiding of the 
cables to come in contact with the conductors, in 
which case the insulation is at once lowered, as the 
braiding is a partial conductor and should be very 
carefully stripped back, thus exposing the vulcan- 
ized rubber, over which the pure rubber strip is 
subsequently wound. 

In the case of small conductors, not larger than 
say 7/14, it is comparatively easy to make joints, but 
for cables larger than this it is not so easy. In fact, 
the work is somewhat of the same nature as splicing 
ropes, and just as difficult to perform neatly and 
efficiently. In the case of cables of large diameter 
jointing becomes a work of considerable difficulty, 
great skill being required to produce a really satis- 
factory result. No better description of the best 
method of making joints and insulating them can 
be given than the published instructions of some 
of the leading cable manufacturers, and the follow- 
ing illustrations and instructions are issued by 
Messrs. Verity, Ltd., of Birmingham : — 
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" First cut the taped or braided outer covering of 
the cable off for a distance of about 6 inches from 
the end of each cable. Next cut the vulcanized or 
pure rubber and other coverings at a distance of 
about 4| inches from the cable ends, and remove it 
entirelvT leaving the conductor exposed. The 1| 
inches of rubber left standing should be neatly 
tapered with a sharp knife, as shown in the iUus- 

JOISTIITG. 




Fig. I. 



trations. The strands are then separated ready for 
* marrying/ as shown in Fig, 1, and the centre 
wire or core cut out. Before jointing all the 
wires must be most carefully cleaned with fine 
emery paper, and the body of the conductor tightly 
twisted together up to the point where the strands 
separate. 

" The mode of ' marrying ' the conductors is made 
plain in Fig. 2, The six strands of each cable pass 
alternately through those of the other. The con- ' 
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Fig, 3. 
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ductors are pressed together end to end, and the 
strands of one cable are twisted round the conductor 
of the other, and vice veract Care should be taken 
in twisting these to follow the same direetion of 
turn as the body of the stranding in the conductor* 
The joint has now reached the stage shown in Fig. 
3, and is ready for soldering. Resin only should be 
used as a fiux, and the solder should be allowed to 
thoroughly permeate the joint. Rubber solution is 
next applied, and this should be rubbed evenly, in 
not too large a quantity, all over the surface of the 
joint, and of the exposed inner insulation. Pure 
rubber strip is now tightly bound in two layers 
throughout the whole length of the joint. A small 
allowance of india-rubber solution should be again 
applied to securely amalgamate the layers of tape. 
One or two layers of prepared or black tape are 
bound over all, and these again ^should receive an 
apj'lieation of solution, the latter being well rubbed 
in The joint is then finished, and Fig. 4 affords a 
gix)d illustration of its appearance. 

" Joints in single and 3- strand wire are usually 
made in the ordinary * twist ^ form, and then 
soldered and insulated as described above. IQ, 37, 
and sometimes 61-strand cable is ' married * in the 
manner above described, the whole of the core being 
cut out, leaving only the outer strands. The cores 
are carefully butted tightly together, and the joint 
is proceeded with as above. Binding wire will be 
found useful in these cases for holding the large 
number of strands in place while the joint is made. 

'* In the case of a branch wire or cable being re- 
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quired to be tapped on to another of larger dimen- 
sions, there are two modes of joints in general use. 
One is on the T principlej and consists in tapping 
the bran eh conductor direct on to the main cable 
at the point where the off-shoot is required. The 
second is the parallel method, and is preferable in 
most cases, from being easier to insulate and other 
reasons. In making a parallel branch connection, 
the cable is stripped for about two inches at a point 
several inches further back than that at which the 
actual branch wire is desired to emanate. The end 
of the smaller conductor is stripped and cleaned for 
6 or 8 inches and thrust between the strands of 
the cable. The latter is pinched tightly over the 
branch conductor, which is then wound strand by 
strand and tightened round the exposed portion of 
the cable. The insulated part of the branch wire is 
kept close to and parallel with the main cable 
until the point is reached where it is wished to 
take the direction of the tapping. It will be seen 
that this method makes it an exceedingly easy 
matter to arrange for the tapping to leave the mala 
at the exact point required ; and the actual joint, 
moreover^ does not immediately face the outlet 
opening in the casing, as is the case where the direct 
T system is adopted. 

*' The insulation of the parallel branch joint is 
carried out in the ordinary way, care being taken to 
tape the insulated parts of main and branch con- 
ductors tightly together, and to see that the space 
between them is amply filled with good insulating 
material.'* 
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The following instructions are issued by the 
India-rubber, Gutta-percha and Telegraph Works 
Co., Ltd., for making joints in 19-strand and 37- 
strand cables : — 

" For a 19-strand cable the conductor should be 
bared to a suitable length, and a small binder tied 
round the ends next to the rubber to keep the 
strand in place. The 12 outside wires should then 
be unstranded and turned back. The central 7- 
strand should then be soldered up and jointed as 
a solid conductor. To joint the 12 wires over this, 
every alternate wire should be cut off short, and 
the two sets of 12 married, that is, the long wire 
from the one end jointed to the short wire on the 
other, and so on round the central strand ; thus half 
the joints on the single wires will be on the one side 
of the joint in the central strand, the other half 
being on the other side. The joints in these single 
wires need not be scarfed, but only butted together 
at each end of the joint, where the long and short 
wires are soldered together, a narrow whipping of 
binding wire should be put on at each end and 
soldered, the whole being then filed down smooth. 

" For a 37-strand cable the same method is fol- 
lowed out, with the addition that the 18 wires sur- 
rounding the 19-strand joint are married in the same 
way." 

In certain cases, more especially in damp situa- 
tions, it is advisable to vulcanize the joints so that 
the insulation throughout is homogeneous. The 
various cable manufacturers have different methods 
of carrying out the vulcanizing of cables, and special 
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insulating materials are sold for making vulcanized 
joints. Speaking generally, the process consists in 
hxeating the insulated joint to a temperature of 
nearly 300° Fahr., and maintaining this temperature 
for about half an hour. 

The following instructions for vulcanizing joints 
are issued by the India-rubber, Gutta-percha and 
Telegraph Works Co., Ltd. : — 

" When the conductor joint is finished, the rubber 
should be carefully trimmed and cut with as long 
a bevel as possible, according to the thickness of 
the rubber, the copper conductor and the bevelled 
ends should then be rubbed with pure benzole, 
and slightly heated with a spirit-lamp. The con- 
ductor and the bevel edges of the rubber should 
then be lapped with a pure rubber strip laid on as 
tightly as possible in one or two layers, according 
to size ; this pure rubber should then be covered 
with special rubber solution, rubbed in so as to 
exclude air as much as possible ; the joint should 
then stand until thoroughly dry. When the 
solution is sufficiently dry, and will not adhere 
to the fingers, the rubber strip should then be 
lapped on spirally, forming an uniform covering 
over the first coat of pure rubber, care being taken, 
by lapping tightly and evenly, to exclude all air. 
This rubber should be put on in two or more layers, 
until the diameter is equal to that of the original 
insulation, and over this a layer of tape strip should 
then be applied, the whole joint so made slightly 
exceeding in diameter that of the original insula- 
tion. When so completed, the next process is 
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that of vulcanization. To do this it m necessary 
to cover the joint with special sheeting cut to the 
whole width of the joint and firmly rolled round 
it, making a longitudinal Beam, binding the sheeting 
over all by a strong cotton selvedge tape applied 
spirally, and as tightl}" as possible by hand. The 
sheeting thus will serve as a mould to keep the 
joint together during the process. The joint should 
then be fixed in the ' cure ' (a cast-iron box) and 
the cover bolted on, to prevent damage to the 
original insulation, and to make the box tight, the 
insulation on each side of the joint, and at the 
proper distance to fit the cure, should be lapped 
with two or more coats of tape to cover the original 
insulation down to the point of junction. When 
the cure has thus been made tight, molten sulphur 
compound, previously melted in a suitable pot, 
should be poured into the cure round the joint, 
through the small hole in the top of the cure, and 
a suitable thermometer afterwards inserted in this 
hole to enable the temperature of the sulphur com- 
pound to be noted. This temperature should be 
kept as constant as possible between 290° and 300° 
Fahr. by means of a spirit-lamp. 

'' After the joint has been kept at the full tempera- 
ture for about half an hour, the molten sulphur is 
run out, and the cure cover unbolted. The joint 
should then be taken out, the wrappings stripped 
off, and it will then be found to be vulcanized, A 
rough test of the degree of vulcanization may be 
made by trying with the thumb-nail (when the 
joint is cool) to indent it. If the mark of the nail 
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remains in the rubber, or if the rubber ia too baxd, 
the joint is a failure, and should be cut out and 
re-made. If the joint thus examined is found to 
be in good order, it should be finished off by lapping 
overall special tapes (No, 726), extending, say, over 
about two inches each side of the braiding ; this 
taping to be then painted with shellac varnish • 

*' When insulating with rubber the hands should 
be kept diy and perfectly clean. When solution is 
used it should only be used in small quantities, 
and the spirit allowed to evaporate before the 
whole is again covered up* The spirit used should 
be of the best quality, so that it evaporates quickly, 
and leaves little or no residue behind. Special care 
should be taken that the rubber appHed should be 
brought into immediate contact witli the prepared 
endSj and that no tapes of the original insulation, 
or foreign material which would conduct moisture, 
should intervene between the two surfaces to be 
joined. Unless everything used is perfectly clean, 
and all air excluded by careful and tight lapping, the 
joint may be found to have blown, even though the 
rubber is properly vulcanized. Special attention 
therefore is directed to these points, 

''If during vulcanization the temperature should 
drop below 290^^, the heat will require to be main- 
tained for a longer time ; say if at 280"", the cure 
would last for about three-quarters of an hour 
instead of 30 minutes ; but it is important that the 
temperature should be kept as constant as possible 
between the limits of 290° and 300'' Fahr," 



The accompanying illustration shows a 
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as ueed for vulcanizing joints for wiring work made 
by Messrs. W, T, Glover & Co., of Salford. 

The ajiparatuB consists of two pairs of heaters or 
cures (shown in the figure with handles) and four 
pairs of dies for accommodating cables up to 19/18s^ 
also a thermometer registering up to 400^, 

After the joints are made by the methods already 
described, the heaters are placed in an ordinary 
brazier's stove or over a fire until they attain a 
heat of 320° Fahr. This can be tested by inserting 
the thermometer in the aperture provided for the 
dies. If the thermometer registers over 320"^, the 
cures must be allowed to cool. When the joint is 
prepared the dies should be f listened on securely, 
care being taken to see that they fit tiglitly. In 
order to *' cure " the joint fix one set of cures on to 
the dies, and leave them on for 16 to 20 minutes, 
then replace with the second set heated as before, 
8niall joints ret|uire 30 minutes, larger joints from 
40 to 45 minutes. 

Wood-casing System of Wiring. — Having described 
in the previous chapter the general arrangement of 
conductors in a buildings it is necessary to enter 
more fully into the details of fijcing and protecting 
the conductors. 

By far the larger proportion of buildings that are 
wired have wood casings fixed to protect the con- 
ductors, and although many objections have been 
made to this form of protection, the fact remains 
that it still finds favour with most electricians, 
and appears hkely to do so in the future where 
the conditions are favourable to its employment. 
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This system may be employed with advantage in 
dry situations, provided it is not likely to be sub- 
jected to severe mechanical injury. It is therefore 
extensively used in dwelling-houses and other build- 
ings where these conditions prevail, and in spite of 
the rival claims of other methods which are being 
strongly put forward, it will probably hold its own 
on account of its cheapness and the ease with which 
it can be fixed. It also has this great advantage, 
that wherever it is run on the surface, it is quite a 
simple matt^^r to get access to the conductors at 
any point in order to fix additional lights, or to alter 
the position of lamps or switches. 

Wood casing consists of lengths of wood with 
grooves separated by a central fillet to take two 
conductors, and when these are placed in it a cap- 
ping is screwed on. American white wood is mostly 
employed for this purpose, as it is not greatly 
affected by change of temperature, and can be 
obtained without knots and flaws. It also has the 
advantage of being cheap. The casing and capping 
should be thoroughly painted inside and out with 
two coats of priming, and the capping fixed by 
screws, not nails. 

The grooves should be large enough to admit of 
the conductors being easily drawn in and out when 
the capping is screwed on, and the following table 
gives the width of grooves to be employed for the 
more general sizes of conductors, assuming the 
insulating material to be of vulcanized rubber with 
the tape and braiding usually employed for 600 
megohm cables : — 
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Table for Sizes of Casings. 



Size of Cable. 



3/22 7/21J 
7/18 19/20 
7/16 19/18 
7/14 19/16 
19/14 37/16 
37/14 



Width of each 
Groove. 



J inch 

7_ 

i 
I 
I 

1 



Width of 
Casing. 



IJ inches 

2J 
3 

H 

5 



For small casings the capping should be thicker 
in the centre than at the sides, and the screws fixed 
through to the centre fillet of wood ; in sizes larger 
than If in. wddth the screws should be placed on 
the outsides of the grooves. 

Under no conditions should casing be placed be- 
hind wet plaster or in damp places. A metallic 
covering of some description, such as composition 
tubing or iron barrel, should be used under such 
circumstances, as wood absorbs moisture very 
readily, and may thus give rise to considerable 
leakage through earth connections. 

Workmen who have been trained as carpenters 
or joiners should be employed to fix casings and 
fuse-boards, as this work cannot be done efiiciently 
by the ordinary wireman or with cheap labour. 
In buildings where inferior labour has been em- 
ployed, it is not unusual to find lengths of casing 
come away from the walls, bringing with them 
switch and ceiling rose blocks, owing to the walls 
being plugged inefficiently, so that when changes 
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of temperature occur the plugs come out and the 
casings falL 

In order to avoid the dangers arishig from sliort 
circuiting^ great care should be taken that both 
positive and negative conductors should not be 
placed in the same groove in casings. Many en- 
gineers will not allow even two conductors of the 
same polarity to be placed in the same groove , 
although there may be no difference of potential 
between them. We consider, however, that 
^^ bunching " of condnctora, as it is termed, in the 
same groove should be allowed, provided they are 
of the same polaiity, for in this case no short cir- 
cuiting can occur should the wires come in contact 
with one another. From an economical paint of 
view it is advantageous to put several conductors 
in a groove, as the cost of labour is lessened, and in 
addition to tliis the mechanical strength of a larger 
casing containing many conductors is greater than 
that of a number of smaller casings laid side by 
side. 

It must be remembered that that portion of a 
conductor between a lamp and its switch may be- 
come either positive or negative according to the 
position of the switch ; that is, whether it is turned 
off or on. Thus, in the figure, if the switch is ** on," 
the length of conductor between A and B is nega- 
tive ; but when it is " off," the connection to the 
negative source is broken and it becomes positive, 
as the connection to the positive source is still 
intact through the lamp, and a voltmeter connected 
across the terminals of the si witch when in this 
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position would register the voltage of the installa- 
tion. It is necessary therefore when " bunching " 
to remember that conductors between lamps and 
their switches may be either positive or negative, 
and should not therefore, theoretically, be placed in 
the same grooves, although the worst that could 
happen, should the wires come in contact, would 
not be a short circuit, but merely the connection 



SWITCH 



5 

LAMP 



Diagram l^howi1lg voltage on switch termiuals. 

of two or more circuits in such a way that each 
switch would not act independently of the others. 

In order to simplify the wiring of houses, it is 
an excellent practice to employ cables of diflferent 
colours for conductors of opposite polarity. Red 
and black are the colours generally used. It is then 
easy to arrange that all the switch wires shall be 
on one pole, and when testing for faults from the 
main switches it is easier to localize the faults. 

When fixing the fuse-boxes, a description of 
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which will be gi^en later, the casings should be 
taken right into the boxes and plenty of room al- 
lowed for tho wires, so that the positive and nega- 
tive wires cannot come in contact with one another 
behind the insulating panels. For this reason the 
insulating slabs should be well packed away from 
the walls, and all connections made in front of the 
boards. Badly designed fuse-boards are frequently 
a source of trouble, owing to the wires behind them 
being pressed together and bent at sharp angles. 

Cleats. — In many mills and factories where power 
is available for electric hght purposes, and cheapness 
is an object J the conductors may be fixed by means 
of wooden cleats, thus dispensing altogether with 
wood casing. This method has much to recommend 
it, provided always the fire risk is not a hazardous 
one and the insurance companies will pass the 
installation. The conductors can be very easily 
fixed in this manner and the labour bill much re- 
duced. The cleats should not be used, however, 
unless the conditions are such that the conductors 
are not liable to injury. In cases where it is pro- 
posed to employ them, leave should first be obtained 
from the fire insurance companies interested. Teak 
or Home hard wood is used as the material from 
which they are made, and the distance between the 
conductors must never be less than 1| inches. 
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CHAPTER V 

Metal Tube and Concentric Systems of 
Wiring 

IN these systems the cableSj instead of being pro- 
tected by wood easing, are drawn into ordinary 
tubes made either of iron or brass. The tube forms 
an excellent mechanical protection as it is water- 
proof and nails and scrcM's cannot pierce it, but 
it is more expensive in first cost than casing, and 
when once it is fixed it is not easy to alter the 
position of the lights. At the present time iron 
barrel is more largely used than any other kind of 
tubing, and it can with advantage be employed 
in installations where the expense of wiring is not 
a first consideration J and nothing can be more snit- 
al)le in buildings where it is necessary to have 
the wiring put in during the early stages of erection. 
In these cases the iron barrel can be fixed, and the 
wires drawn in afterwards by means of cords left 
for the purpose. 

Instead of making joints in the tubing in the 
usual manner bv T-pieccs, special junction boxes 
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are provided^ so that the cables can be drawn in 
in sections and the joints made in these boxes. 
The illustration shows a usual form of junction box 
with a lid, which is fixed with screws. The joints 
in these boxes are sometimes made in the ordinary 
manner already described, and sometimes by means 
of screwed clamps insulated from the metal of the 
box, and more frequently perhaps, by means of a 
grooved metal button resting on a porcelain in- 





junction bt>3£ auu lU. 

sulator, in which case the ends of the conductors 
are soldered into the grooves of the button, and an 
insulating disc placed over the joint to prevent it 
making contact with the lid. 

In new buildings many contractors put in the 
iron tubing before the plastering has been begun, 
and the conductors can then be drawn in after the 
decorations have been completed. 

With long vertical runs of iron barrel (such aa 
are frequently used up lift and air shafts) the whole 
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weight of the cables may press against the edge 
of the barrel at the top and chafe through the 
insulation. Precautions must be taken to avoid 
this by carefully fixing a good insulating material 
between the cables and the edge of the tube. 

Where tlie iron barrels enter the fuse- boxes, nuts 
and washers must be placed on both sides of the 
outer case of the boxes to make the joints water- 
tight, and wherever possible the bends of the liarrel 
should be made as easy as possible. 

It is usual to draw both positive and negative 
conductors into the same tube, and many engineers 
consider the meclmnical protection so good that 
they allow the use of comparatively lightly insu- 
lated conductors, as these are, under the circum- 
stances, quite as serviceable as those of higher 
insulation, provided always that sufficient care has 
been taken in drawing in the conductors in such 
a manner that mechanical abrasions are avoided. 

An objection sometimes made to the use of iron 
barrel is that moisture condensing in the interior 
may impair the insulation of the cables, and to avoid 
this, and at the same time provide a smooth inner 
surface free from burrs and projections, an insulated 
lining is manufactured by some firms consisting of 
wood or special insulating materiaL The expense 
of using tubing of this description is considerable, 
and it is doubtful for this reason if it will come 
into very extensive use* 

A new system of steel tubing has lately been 
introduced J known as the '' simplex " steel conduit. 
This tubing is much cheaper in first cost than any 
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other, and at the same time easier to fix ; it is there- 
fore commanding a large sale. 

The tubes are formed of thin steel covered with 
a coating of enamel inside and out to prevent rust, 
and at the same time present an insulated surface 
to the cables. The following table gives the sizes 
in which the tubes are made, also the thickness of 
the metal and the weight per 100 feet run : — 





! 


Simplex T 


UBES. 










Approximate ex- 
ternal diameter 


















in inches . . 
Exact external 


i 


t 


i 


i 


1 


U 


H 


2 


diam. in inches 


•51 


•64 


•77 


•88 


101 


1-25 


15 


2 


Exact internal 


















diam. in inches 


•42 


•54 


•67 


•77 


•89 


113 


1-48 


1-87 


Weight in lbs. per 
100 feet . . 


19 


24-5 


32 


43 


51 


84-5 


101 


132 


Standard Wire 


















Gauge . . . 


20 


20 


19 


18 


18 


16 


16 


16 



The tubes can be cut either by means of a hack- 
saw or by filing, and the ends after cutting should 
be carefully smoothed. 

Fig. 1 shows a T-piece, and the method of joint- 
ing the tubes. It also shows a reducing nipple fixed 
into the vertical arm of the T-piece. From the 
sectional view it will be seen that the tubes fit 
closely into the T-piece, and abut against a shoulder 
made for the purpose ; no fitting or screwing is 
required, nor is the sectional area of the passage 
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reiuced at the joint ; similarly, the reducing nipple 




Fig. 4. 




Fig. 5. 



is provided with a shoulder on the inside, so that 
the smaUer tube can be pushed up against it. 
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Fig. 2 shows what is called an inspection bend ; 
it is provided with a lid in order that joints can 
be made and inspected at any time if necessary. 
Fig. 3 shows an inspection T-piece made on the 
same lines. 

Junction boxes are made to suit the various com- 




FiG. 6. 

binations required for wiring purposes, and different 
forms of these are shown in Figs. 4, 5, and 6. 

It cannot be said that this system of tubing is 
absolutely water-tight ; it is very nearly so, how- 
ever, and might well be employed in any situation 
under cover. 

To a certain extent it is possible to bend the 
tubes cold ; this can be done by boring a hole in a 
piece of hard wood about 2 feet long x 2 in. x 3 in., 
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threading this on the tube and using it as a lever 
to produce the desired bend. This method must 
not, however, be employed on tubes of greater 
diameter than | in. 

It may be mentioned that a f in. tube will take 
four cables of 3/22, and one of | in. will take no 
less than eight. 

If the cables are drawn in after the tubes have 
been fixed, it must be remembered that they should 
not be drawn past more than two bends at a time. 

Other descriptions of tubing are used, such as 
Muntz metal and brass tube, in which case each 
conductor is usually run in a separate tube ; and 
there is also a system in which the tubes are made 
of compressed paper, special brass end fittings being 
employed for junctions and for fixing into junction 
boxes. 

Concentric Wiring. — In systems termed concentric 
both the conductors are contained in one cable, only 
one of which, " the inner," is insulated. The other, 
called the " outer," consisting of stranded wires, is 
laid concentrically over the insulation of the inner, 
and forms the " earthed return," which means that 
no precautions are taken to insulate the outer con- 
ductor from the earth. Manufacturers of concentric 
apparatus employ various kinds of cables, and in 
some cases a metal tube is used as the earth return, 
the inner conductor being drawn into it, and con- 
sisting of an ordinary vulcanized cable. 

From the above it will be seen that as only one 
of the conductors is insulated, the difficulty of ob- 
taining good insulation tests is much lessened ; and 
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as all switches and fuses are placed on the insulated 
wire only, these are made single-pole instead of 
double-pole, a great gain in simplicity, as every 
switch and fuse is something liable to get out of 
order, and the more these pieces of apparatus can 
be reduced in number the better. 

In the fittings the inner conductor only is taken 
to the holders, the connection to the outer being 
made either by the metal of the fitting itself, if it 
is of the nature of a bracket, or else by a special 
copper-braided flexible cord, if the fitting is a pen- 
dant. It will thus be seen that the outer forms 
one complete metallic conductor throughout the 
system, completely enveloping the inner conductor 
in a water-tight manner ; and since it is purposely 
" earthed " at convenient points it is impossible 
that any shock can be received from it. As re- 
gards danger from fire this system is the safest, 
inasmuch as any sparks or arcing due to the electric 
current must take place inside the outer conductor, 
and as the air cannot enter, the worst that could 
happen would be a partial melting of the cable, and 
this would be an impossibility with carefully ar- 
ranged fuses. 

The chief objections at present to the system are, 
first, that the cost of the materials is higher than 
those used with wood-casing systems, and, secondly, 
fiupply companies using direct currents will not 
allow any installation " earthed " on one pole to 
be connected to their mains. This is owing to the 
* fact that should an " earth " on the opposite pole be 
developed anywhere on the system of network 
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(which includeB in most cases many liundrt^ds of 
miles of cables) short circuits would be set up and 
lead to serious trouble. This objection does not 
apply to the same extent with companies supplying 
alternating currents, as transformers can be em- 
ployed for any special instaUation, and an earth on 
the secondary of the transformer would not be trans- 
mitted to the high tension mains. No doubt as 
concentric wiring comes more into vogue, as it is 
certain to do, the cost of the materials will be 
reduced. 

Mr. Andrews, of Putney Bridge, Fulham, and 
Messrs. Mavor & Coulson have been the chief 
pioneers in cone en trie wiring. In principle their 
systems are the same, but in detail the developments 
have been carried out on different lines. 

In Messrs. Mavor & Coulson's system no cable 
smaller than a single 14 gauge or 7/21 J is used, and 
for hghting these cables are used for 5 ampere cir- 
cuits starting from the distributing boards. The 
outer conductor consists of copper strands wound 
spirally over the insulation, and over this a lead 
sheathing is drai^Ti to make the whole water-tight. 
In order to protect the cable further, an armouringof 
galvanized iron wires can be used over the lead, but 
in the majority of cases for small cables this is not 
necessary. All the cables used in concentric wiring 
are flexible, and can therefore be easily bent round 
comers where necessary. 

Messrs. Mavor & Coulson issue the following in- 
structions for jointing then- cables : — 
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Instructions for Maklng Joints. 

A, Prepare tbe cables as shown in Fig. 2, p. 70, 
as follows : — 

(1) Cut away the lead sheathing and the outer 

conductor from a length equal to the 
diameter of the central chamber of the 
junction box. 

(2) Remove the insulation to expose a sufficient 

length of the core to allow of the central 
contact button (6 Fig. 1} being soldered 
to it. 

(S) Remove the lead sheathing to expose the 
copper of the outer conductor at the points 
corresponding with the jointing pockets 
of the junction box, but leave sufficient 
lead sheathing projecting into the pocket 
to ensure its being properly jointed there- 
to. An angular strip of lead sheathing, 
one-eighth inch wide, should be left to fill 
the opening to the central chamber and 
prevent the solder flowing into it. 

(4) If the outer conductor is not already tinned, 
the parts exposed for the jointing pocket 
should be carefully tinned. 

B. Solder the contact tip to the inner conductor 
as show^n in Fig. *i. 

C. Lay the conductor into the junction box as 
shown in Fig. 4. 

D. Fill the pockets (a and b Fig. 4) with solder, 
using resin as a flux. A heavy soldering bolt, a 
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melting pot and small ladle, or a jointing lamp may 
be used (a jointing lamp is to be preferred, except 
for large junctions), and care must be taken to heat 
the juriftion box sufficiently to make the tinning of 
the jointing pockets run. 




Ftn. 1. 

E. Lay the insulating disc (c Fig. I) in the central 
chamber of the junction box. 

F, Lay the tinned brass disc on the back of the 
Junction box {d Fig. 1) in the tinned recess provided 
for it, and solder it to the box. The junction is then 
complete. 

The above describes the process of making a 
through way junction tapped for a fitting ; and all 
other junctions, whether tapped for fittings or blind, 
are similarly effected. 

When joining armoured cables, each strand of 
the armouring should be separately tinned before 
the cable is placed in the junction box. 

Fig, 1 gives a plan and section of the junc- 
tion box showing the iuBulating air space. The 
boxes are made of cast brass, tuuied all over, to 
facilitate soldering, and it will be noticed that 
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in making branches for" 
pendants the inner con- 
ductor is not broken, and 
long lengths of the cable 
can be tapped at any de- 
sired points without cut- 
ting the inner conductor, 
provided switch-holders 
are used for the lamps, 
as is generally the case. 

Fig. 2 shows a variety 
of junction boxes, in plan 
and elevation, used for 1, 
2, 3 or 4 ways, and made 
so that fittings can be at- 
tached to them or other- 
wise. 

Fig. 3 shows a main 
switch-board in which all 
the switches are placed 
on the inner conductor, 
which enters at the bottom 
and leaves in 4 circuits at 
the top. It will be noticed 
that the outer conductors 
are all connected together 
by a rectangular copper 
frame. 

A 4-way distribution box 
and pendant circuit are 
ishown in Fig. 4. These 
bojjfes are usually made of 
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iron. The inner conductor enters the box and is 




Fig. 3.-™Mam 3vvitch'boai-d for concentric system. 

soldered to the copper bar, from wiiich the 4 circuits 
are taken through the fuses. The fuse blocks are 
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Fio. 4. — Subdistribution fuse. 
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porcelain cylinders of U section with countersunk 
ends. The contact tips rest in theae countersinks, 
and are held in position b}^ the fuse wire, which is 
soldered to them. The fuse-block is readily fixed in 





Fio. LI. — Top nipple for pendant , 



Double nipple. 




a 



ran 



Fro. 7. 



Bottom nipple for pendant. Gimbal fitting. 




Pig. a— Switch: 

position or released by operating the milled screw 
shown in the illustration. The branch conductors 
leave the box through sockets similar to those used 
for the mains. The branches being of uniform sec- 
tion, the fuses are uniform and interchangeable. 
With this system central contact incandescent 
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lamps are used, and the lampholdera consequently 

have a single central contact. Fig, 5 shows a double 
nipple to fit a junction at one end and lampholder at 
the other, and pendant nipples are shown in Fig. G, 
the top being used for screwing into the junction 
box, the bottom nipple for the holder being con- 
nected to the top by means of a flexible cord. In 
cases where electroliers with brass tubes are em- 
ployed a gimbal fitting is employed, illustrated in 
Fig. 7. 

In order to show how the details of this system 
have been worked out, an ilhistration of a switch 
is given in Fig. 8. In thiB case the metal rim is 
used as the outer conductor. It is unfortunate in 
this system that both conductors must be brought to 
any switch although the switch eonnections only 
require one. 

In Fig. 9 the method of making the connection 
to the terminal of a switch and earth bar is shown, 
and in Fig. 10 a somewhat similar arrangement is 
ilhistrated for making the connections for 2 arc 
lamps in series on 100 volts. 

Brass tubing is now being employed to some 
extent as a protection for cables, and in many cases 
the tube itself is used as the return conductor, in 
which case junction boxes somewhat similar to those 
already described are used. 
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CHAPTER VI 

Electrical Accessories 

HAVING described the various systems of wir- 
ing at present in use, the various accessories, 
such as cut-outs, ceihng roses, switches, etc., used in 
installation work must be described. 

Chief of these are the fuses and fuse-boards. As 
mentioned in a former chapter the current in any 
circuit, before it reaches a lamp, or group of lamps, 
has to pass through a piece of easily fusible metal, 
usually a mixture of lead and tin, and if any marked 
excess of current occurs the fuse at once " blows " 
or melts, automatically cutting off the current. 
Now in order to put in the right size fuse wires it 
is necessary to know the currents at which they 
will melt. Unfortunately, however, it is not an 
easy matter to arrive at definite rules, as a given 
fuse wire will melt at different currents under 
varying conditions ; thus temperature, length of 
wire, size of terminals of the fuses, and contact 
surface, all influence to some extent the melting 
current of the fuses, and in addition to this oxida- 
tion and disintegration of the fuse wire play an 
important part in determining how long a fuse will 
last. 
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Long lengths of a given fuse wire will melt at a 
certain CLirrent, within small limits, under the usual 
conditions of temperature ; but in practice lengths 
of only an inch or two are used, and then the size and 
shape of the terminal exercise a modifying influence 
on the melting current, and a fuse wire that in 1 
yard lengths might carry, say, 5 amperes, would in 
2 inch lengths carry, perhaps, double that amount 
of current, as tlie heat developed would be carried 
to the terminals and the copper wires, and thus 
be quickly dissipated. 

In order to arrive at the melting currr*nt of uses, 
as actually used, direct experiments must be made 
with the fuse wire made up and fixed to the ter- 
minals of the fuse in which it is to be used, then 
known currents are pasised through until the melt- 
ing current is reached and recorded. It is quite 
useless to buy what is known as, say^ 5 ampere fuse 
wire, then to attach it to the terminals and expect 
it to melt at exactly 5 amperes. 

Most makers now sell fuses already made up with 
fuse wires adapted to currents from 5 to 100 amperes, 
and the melting currents are ascertained experi- 
mentally before being sent out, so that reliance can 
be placed on their melting with about the right 
currents. 

Many engineers specify that fuses shall melt at 
about 50% curi'ent in excess of that which the 
circuit will carry when fully loaded ; thus a 5 
ampere fuse should melt at 7 J amperes and a 10 
ampere fuse at 15 amperes. 

Tot large main fuses it is a good rule to so ar- 
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range the size of fuse wire that, with full load 
current, the fuse becomes just warm to the hand, 
the terminals remaining cold ; under these cir- 
cumstances any large excess of current would at 
once melt the fuse. 

Under no conditions should the terminals of a 
fuse be allowed to become hot, otherwise the fuse 




Fig. 1, 

wire does not get a fair chance of dissipating its 
heat, and is likely to melt with too low a current, 
with the result that, in all probability, a copper wire 
will be inserted, which will not melt at all, and is a 
source of danger instead of a protection. 

For fuses carrying large currents pure tin is 
largely employed, and ia not easily oxidized, and 
being fairly hard can withstand the pressure of 
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the clamping screws of the fuse terminals. It may 
be Dientioneci here that large fuses jire seldom made 
to melt at 50% excess current. For short periods 
a large excess of current can always be pas^ised 
through a large fusCj as a sensible period of time 




elapses before the temperature rises sufficiently to 
melt the wire. 

Figs, 1 and 2 show a double-pole porcelain fuse 
for about 10 amperes, such as is often used for fixing 
direct on to casings, and Fig. 3 illustrates a larger 
main fuse enclosed in a cast-iron case with thimbles 
for the cables projecting through insulated glands 
in the case. This type is much to be recommended 
for damp situations. 

In order to serve as a guide for determining ap- 
proximately the sizes of fuse wires that may be em- 
ployed for cut-outs, the following table gives the 
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melting currents of various gauges of a special fuse 
wire as made by Messrs. W, Gloyer & Co., Ltd., of 
Manchester : — 



Fusible Wire for Cut-outs, 
According to Sir W. H, Preece's Table. 





Di J meter. 


Cnn-auk 
required 


Inch. 


Ampferes. 


H 


1548 


100 


90 


01443 


m 


n 


01333 


m 


id"o 


0J220 


70 


no 


01101 


60 


m 


00975 


60 


130 


0OD09 


45 


m 


00840 


40 


14i 


00769 


35 


150 


00604 


30 


160 


06H 


25 


170 


00520 


20 


19 


00137 


15 


210 


00334 


10 


250 


0'0210 


5 


260 


00181 


4 


280 


00149 


3 


310 


00113 


2 


360 


00072 


1 



Fuses are generally grouped together and placed 
in cas^ with glass fronts, tlie mains being soldered 
to straight bars of gun- metal or copper, to which 
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the fusible wire for the branch circuits is connected. 
Figs. 4 and 5 show a very good type of fuse-box 
and fuse as made by Messrs. Verity, Ltd. In this 
the fuses are easily replaceable, and each fuse is 
marked with the current it has to carry ; it wiU be 
noticed that the fuses are placed on each pole. 




Fig. 3. 

Main Switches and Fnses. — These are used to con- 
trol all the lights in a building, and are usually double- 
pole ; that is, there is a switch and fuse to each pole, 
the switch handles being so arranged that one move- 
ment controls both switches. The essential requi- 
sites of a good switch are, good and strong mechanical 
construction, ample contact surfaces and sufficient 
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Fig. 4. 



@ 




@ 




UPTO 5 AMP 





Fig. 5. 
Types of Fuses. 
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metal for a current density of not more than 260 
amperes per square inch, and a quick break. It is 
usual to mount the working parts either on enamel- 




Fig. 1.— Swibcb-boarJ with fuses. 



led slate or porcelain, and if two switches are con- 
nected together bv a common handle-bar each switch 
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should be mounted on a separate base. The handle 
must, of course, be insulated, in order to prevent any 
possibility of shocks. Figs. 1 and 2 show very good 
specimens of a 4-way switch-board and double-pole 
switch and fuse. 




Fig. 2. — Main double-pole switch and fose 

Branch switches for controlling single lights or 
small groups of lights are usually single-pole, and 
should be made on much the same lines as the larger 
switches. Fig. 3 shows the now well-known 
Tumler switch, and in Fig. 4 an ordinary porcelain 
switch is shown. In damp situations the Tumler 
switches should not be used, as they have metal 
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covers, and should one of the terminals touch the 
cover the handle would no longer be insulated. 




Fig. u.— Tumler switch. 




Fig. 4. — Porcelain switch. 

Two-way Switches. — These are largely employed 
in cases where it is necessary to control a light from 
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two points. Fig. 5 shows diagrammatically the con- 
nections and method of employing these switches ; 
Messrs. Verity, Ltd., make a very neat switch of 
the Tumler pattern for the purposej and this is 



a 



F[0» a.— Oiagrftm showing uotia^talun^ foe two 2-wUiy Bwiti;li«fi. 




Fio. 6* — 3 -way swit h. 

illustrated in Fig, 6. There are three terminals, as 
in the diagrammatic sketch, hut two only are seen 
in the figure, aa the third is behind the handle. 

The principle of 2-way switches may be further 
developed so that a light may be controlled from 
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three or any number of points by employing switches 
with four terminals. The connections in the figure 
are, in Fig. 1, shown for controlling a light from 4 
points altogether. The arrangement looks at first 
sight complicated, but the two centre switches are 



1- 



jS — ^ 



15 



ItAMP 



Fig. 1.— Diagram showing connections for controlling a lamp 
from four points. 

merely commutators for changing the current from 
one wire to the other. 

Ceiling roses are usually made of porcelain, and 




Fig. 2. — Ceiling rose and cover. 

used in conjunction with ordinary pendant fittings 
for the purpose of making a neat and satisfactory 
junction between the stranded conductors and the 
flexible cords of the fittings. With ordinary pres- 
sures of 100 volts or less, a fuse is generally intro- 
duced ; a good type is shown in Fig. 2. 
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It is often convenient to have an arrangement by 
which a flexible cord can be easily connected to 
the conductors for portable or standard lamps. Such 
an arrangement is called a wall socket, and consists 
of two parts, one fixed to the conductors and the 
other detachable. Fig. 3 shows one of the many 




Fig. 3.— Wall socket. 

forms of these sockets. In the fixed portion the 
conductors are led to two terminals, a fuse being 
placed on one pole, and in the detachable portion 
the flexible cord is attached to two prongs of metal, 
which engage with the two tube pieces of metal in 
the fixed portion when the plug is thrust into the 
socket. Fig. 4 shows another form of wall socket. 

In order to secure good insulation and a good 
fixing for ceiling roses, switches and wall sockets, 
these pieces of apparatus are in most cases mounted 
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on hard wood blocks recessed at the back to allow 
room for the conductors. 

Good lamp-holders are an important part of every 
installation. Each holder consists of several parts 




Fig. 4— Wall socket. 

shown in the accompanying illustrations, the final 
contact to the lamp terminals being made by two 
plungers, or " bayonets," actuated by springs. The 
terminals are encased in porcelain, which is pro- 
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teeted by outer coverings of brass, screwed together 
by a ring, as shown. If a shade has to be fixed to the 




Sectloo of i'' liayjn>vr liLmp- 
holder wUli Rhjide- 
onmi^r ring. 




Sectional view ot bajoiiet, 

eliowiug temiinal tor 

oondnctor. 




End. view of huldfi-. 








Genfml tu?w of lump-lioKlpr. 



holder an additional ring is put on, called the '' shade- 
carrier." The holder as shown is made hy Verity, 
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Ltd., the details of the plunger being given. If the 
holders are to be attached to a bracket a screwed 
end is left, as shown, but for use with flexible cords 
a so-called " cord-grip " is used, by which the 
flexible conductors are held, so that no strain can 
be put on the terminals of the holder. 

Other forms of holders are largely used, especially 
in foreign countries, but the bayonet type is at the 
present time almost exclusively used in England. 
The illustrations given are full size ; smaller sizes 
are used for candle fittings. 

Flexible cords, which are so largely used with 
pendants and portable lamps, are made up of a large 
number of very fine stranded copper wires to each 
conductor. For ordinary work a flexible cord for a 
I6-candle-J)ower lamp should have thirty-five wire^ 
of No. 40 gauge in each conductor, and the insulation 
should consist of pure and vulcanized india-rubber, 
and a protecting covering of silk or cotton. The 
public cannot be too strongly cautioned against 
using cheap flexible cords, of which vast quanti- 
ties are imported from abroad. Unless they are 
thoroughly well made they are a source of danger, 
as the two cords are twisted together, and it is easy 
for the two conductors to come together if the in- 
sulation is in any way inferior. Particular attention 
should be paid to flexible cords when pressures 
of 200 volts and over are used. 

Wiring Fittings. — It is a very important matter 
to have all electric light fittings properly wired. 
Earth connections and short circuits are of daily 
occurrence in fittings which mav be excellent from 

96 



Digitized by 



Google 



INTERNAL WIRING OF BUILDINGS 

an artistic point of view, but are not properly 
adapted for electric light purposes, and it is often 
surprising to see how badly the wiring of fittings 
is done by the makers of the fittings themselves. In 
the manufacture of fittings far too little attention 
is paid to making adequate provision for drawing 
in the wires, and in many cases it is impossible 
to get them through the tubes without injuring the 
insulation. The two chief essentials for good wiring 
are (1) that no roughness or burrs should be left 
in the tubes to cause abrasion, and (2) that the tubes 
should be of sufficient diameter to take the wires 
without undue crushing. 

In wiring ordinary brackets the cables from the 
walls should be left long enough to reach the holders 
of the fittings so that jointing is unnecessary. Now 
in order to arrange for, say, two cables of 3/22 to 
be pushed through the bracket tube easily, the in- 
ternal diameter should be about ^-inch. If 3/8 tube 
is used, and the shape of the bracket is curved, it 
may be necessary to use either a flexible cord, or 
a specially made cable of small diameter, and in 
either case joints have to be made which have to 
be stowed away at the base of the fitting, and 
are frequently injured during the fixing of the 
fitting. 

When fittings are adapted for electric light pur- 
poses it is often impossible to avoid the use of flexible 
cords, and whenever these cords pass through metal 
in which holes have to be drilled, an ebonite bush 
should be placed in the hole to prevent any chance 
of short circuiting. 
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When wiring chandeliers with flexible cords, the 
connection to the conductors should be made if pos- 
sible by means of a ceiling rose, and in no case should 
flexible cord be taken through the plaster of a 
ceiling without adequate protection. 

On no account whatever must gas-fittings be 
adapted for electric light purposes when connected 
to the gas mains ; any connection between the con- 
ductors and the fitting would at once cause a direct 
earth connection, which would lead to trouble of a 
serious nature. In all such cases the gas supply 
must be cut off entirely from the fitting, which 
must itself be insulated, either by a hard wood block 
or other arrangements designed for the purpose. 

In many fittings, such as large chandeliers, groups 
of candle fittings have to be wired. In order to 
avoid joints in the conductors the connections can 
be made by running the wires to the terminal of 
one holder, and then connecting the holder next by 
means of wires taken from the terminals of the 
first holder ; this is known as " looping " from holder 
to holder. Difficulties arise sometimes in cases where 
small lamps must be used and the pressure is high, 
say 200 volts ; for small lamps cannot yet be made 
satisfactorily to withstand pressures of 200 volts .^ 
In such cases two or more lamps must be run in series. 
Suppose, for instance, it were necessary to wire a 7- 
light candlestick, the pressure being 200 volts ; it 
would be advisable to use one series of three 66-volt 
lamps, and two series of two 100-volt lamps. This 
is a somewhat awkward combination, but until 
* SmaU lamps of 5 c.p. are now made for pressures of 200 volts. 
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Fig. 4. 
Resistances. 
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200-volt lamps can be obtained in all sizes and 
candle-powers, combinations of this description 
have sometimes to be used. 

When motors or arc lamps are fixed, great care 
must be taken to so arrange the resistances that 
they cannot give rise to a fire ; they must be well 
insulated from earth, and should be preferably en- 
closed. Figs. 1, 2 and 3 show different kinds of re- 
sistances in use at the present time. Two of these 
are arranged to work with handles to cut the re- 
sistance in or out, and one has a movable ring 
contact. This is a usual form for arc lamps, as the 
contact is not likely to be moved when once it has 
been set for the right current. 

Employment of 200 Volts Pressure, — ^Many of the 
large supply companies are now supplying current 
at 200 volts pressure instead of 100 volts as before ; 
and in order to deal satisfactorily with the increased 
pressure it has been found advisable to make a few 
alterations in the designs of switches and fuses. 
Such alterations are not absolutely necessary, pro- 
vided the designs were good for 100 volts, and 
generally speaking it may be stated here that any 
installation properly wired for 100 volts will stand 
the increased pressiire, and work satisfactorily with- 
out any alteration to the wiring beyond changing 
the lamps and putting in fuses of half the capacity 
in amperes, as it must be remembered that, as the 
pressure is doubled, the quantity of current con- 
sumed is one half. It must be remembered, how- 
ever, that should a short circuit occur with 200 
volts, the effects are likely to be more dangerous 
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than if 100 volts are used. For this reason modifica- 
tions are made in the designs of the fuse-boards : 
the distance between the terminals is increased, 
and in order to avoid anything in the shape of a 
permanent arc (which might easily be set up with 
a pressure of 200 volts) a ridge of insulating mate- 
rial is put between the terminals of the fuses, and 
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Fig. 5. — High tension ceiling rose. 



the fusible wire bent over this ; then, in case a short 
circuit occurs, an arc cannot be maintained because 
the direct line between the terminals is interrupted 
by the insulating ridge. Again, in order to prevent 
the harm due to sudden expansion of the air when 
a fuse melts, it has been found advisable to ventilate 
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all fuse-boxes, thus allowing a passage for the air. 
In order to illustrate the insulating ridge above re- 
ferred to, a ceiling rose is illustrated in Fig. 5, showing 
the method employed for avoiding permanent arcs. 
As it is somewhat difficult to ventilate ceiling roses 
and wall sockets and ST^atches with fuses, no fuses 
at all should be placed in these pieces of apparatus ; 
all fuses are then confined to the fuse-boards, where 
there is plenty of space and ventilation. 

Many engineers advise an increased break for use 
with 200 volts, and with heavy currents this is no 
doubt advisable, but with small switches for two or 
three incandescent lamps it is hardly necessary, as 
the currents are very small. 
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CHAPTER VII 

Testing 

WHEN the wiring of a building has been com- 
pleted, certain tests can be applied which 
will, to some extent, show if the work has been 
carried out property. Unfortunately, there are no 
tests that can with certainty detect bad joints, and 
it frequently happens that in a badly wired house 
the tests come out much better than in an installa- 
tion that may be considered perfect, and in which a 
much greater amount of care and expense has been 
expended. In a building that is perfectly dry, and 
where earth connections are not likely to occur, it 
is almost impossible that any test should show in- 
ferior insulation, and the wiring in such cases may 
work satisfactorily for an indefinite period, but 
should water or moisture at any time gain access 
to the conductors, inferior work will at once be 
attacked owing to electrolysis, and the wiring 
throughout under such circumstances is a perpetual 
source of danger and annoyance. Such faults, when 
once developed by electrolysis, are immediately de- 
tected by instruments, and can be located. In damp 
situations, on the other hand, it is most difficult to 
obtain perfect insulation tests, even if great care 
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has been taken with the wiring ; a slight film of 
moisture connecting any part of the metal conduc- 
tors to the earth being quite sufficient to lower the 
insulation resistance to such an extent that the 
standard fixed by the rules of the supply company 
is not reached, and the insulation resistance must 
be raised before the current connections are made. 

It is impossible to insulate the wiring of a build- 
ing absolutely. Under the most perfect conditions 
very delicate instruments could detect slight leak- 
age across the insulating substance of the con- 
ductors ; it therefore becomes necessary to fix some 
limit to the amount of leakage that may be allowed ; 
or, in other words, to fix what is known as the 
insulation resistance to earth. As no substance in 
existence is a perfect insulator, the insulation resist- 
ance must depend upon the length and surface of 
the conductor exposed to the insulating substance, 
and in the case of electric cables the manufacturers 
use as their standard the insulation resistance per 
mile of conductors. In a good cable, in which the 
insulation consists of vulcanized rubber, the guar- 
anteed resistance per mile will vary between 300 
and 2,000 megohms per mile. The wiring, there- 
fore, in a building, where, say, one mile of conductor 
is used, should have an insulation resistance of 
several hundred megohms. Tests, however, are 
generally carried out when all fittings, switches, etc., 
are fixed, and it is on these that moisture is likely 
to collect, and thus lower the insulation resistance. 
Under these circumstances certain empirical rules 
for standards of insulation have been devised by 
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supply companies and consulting engineers, and they 
take the form of allowing certain insulation resis- 
tances to earth in proportion to the number of lamps 
installed. According to the wiring rules of the 
Institution of Electrical Engineers, the standard 
taken is that the insulation resistance to earth, of 
any entire installation, be 10 megohms divided by 
tha maximum number of amperes required for 
,_ the lamps and 

other appliances. 
Thus, a lOO-Ught 
installation, tak- 
ing a maximum of 
60 amperes, should 
have an insulation 
resistance to earth 
10 



of -— zzi-16 meg- 
60 ^ 

ohm. Tests for 
insulation resist- 
ance to earth are 
usually carried out 
by a set of instru- 
ments known as 
an ohmmeter and 
generator. These are illustrated in Fig. 1. The 
generator consists of a small dynamo turned by 
hand, and capable of giving a small current at 
100 volts or more if necessary. 

The dial of the ohmmeter is graduated in meg- 
ohms and fractions of a megohm, the generator 
being connected to two of the four terminals, as 
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Fig. 2.— Dia«rrammatic sketch of con- 
nections of ohmmeter and generator. 
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shown in the illustration, the remaining two ter- 
minals being connected to the wiring to be tested 
and the " earth " (usually a gas or water pipe). 

Fig. 2 shows a diagrammatic sketch of the con- 
nections inside the ohmmeter. The pointer on the 
dial (Fig. l)is attached to a soft iron needle below 
the dial in the interior of the instrument, and is 
actuated by two sets of coils, called the " pressure " 
and " current " coils, shown in Fig. 2} The pressure 
coils magnetize the needle, and cause it to lie in 
such a position that the pointer indicates " infinity." 
The current coils are so arranged that if a current 
passes in them the needle is moved, and the pointer 
with it, towards zero on the dial. If now there is no 
resistance between the line and the earth terminals 
(or, in other words, if there is a dead " earth " con- 
nection) a comparatively large current will pass 
through the current coil, and the pointer will indicate 
zero ; on the other hand, if the insulation between 
the line and the earth is above 5 megohms, the needle 
will scarcely be moved, and the pointer will indicate 
" infinity." Readings between these two can be 
taken indicating the insulation resistance to earth. 

The instrument is so arranged that, by placing 
the small handle on jB instead of A, such a resist- 
ance is inserted in parallel with the current coils 

* In the latest instruments there is, in series with the pressure 
coils, a magnetizing coil surrounding a soft iron core, pivoted 
vertically on the top of which the soft iron needle is fixed ; this 
needle is therefore unipolar, and tends to set itself at right angles 
to the axis of the pressure coils, if no current is passing in the 
current coils. 
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that one-tenth of the current only passes through 
these coils, and the readings on the dial must be 
divided by 10 to get the true resistance to earth. 
By this means the range of the readings in the in- 




FiG. 1. — SilvertowD tcdting set. 

stniment is much extended, and indications from 
5,000 ohms to 10 megohms can be obtained. 

These instruments are more extensively used for 
testing the wiring of buildings than any other kind 
of instrument. They are light and portable, and 
the generator affords a simple means of obtaining 
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a pressure as great or gi*eater than that to which 
the installation will be subjected. This is very im- 
portant, as defective insulation, which might with- 
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Qenerai arrangement ehowing all connections. 
Fig. 2. 

stand a pressure of a few volts, might not be able to 
resist a pressure of 100 volts or more,^ In taking the 

' These instrumeats are now made up to 500 volts, and 
sometimes even 1,000 volts. 
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tests the readings should not be taken until the 
handle has been turned for a minute or two. 

Another instrument that is often used for testing 
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7t7 M« e;ifts of the Condwtor^ 

Connections for Testing Conductor Resistance. 
Fig. 3. 

purposes is known as the " Silvertown testing set,'* 
and is made by the India-rubber and Gutta-percha 
Company, Limited, of Silvertown. This set is shown 
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in the accompanj^ing illuatrations. Fig, I shows the 
outward appearance of the testing set^ and Fig, 2 a 
general arrangement, with the connections marked 
in dotted hnes. In order to obtain the necessary 
voltage for testing, a battery of 36 small Leelanche 
cells is employed, of which aU or a few only can be 
used, according to circumstances and the nature of 
the tests to be taken. 




Fro. 3a. — Diagrammatic sketch sbowiitg Wheatstooe bridfo 
connectiona. 

The instrument is divided into two parts, one of 
which is for testing the resistance of conductors 
according to the ordinary Wheatstone bridge 
method, and Fig. Jl shows this part of the instru- 
ment only, with the connections marked in dotted 
lines. In order to make this more clear a separate 
diagram is given in Fig. ^A, in which the four arms 
of the Wheatstone bridge are shown in the form 
usually given in text books. For testing insulation 
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resistances that part of the instrument shown in 
Fig. 4 is employed, the connections in this case also 



To Cofidtictor of Cable. 



To Earth or Sheathing. 
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Connections for Testing insulation Rodistance. 
Fig. 4. 

being marked with dotted lines. In order to take a 

test the current from the battery is first sent through 

a known resistance (60,000 ohms) and the de- 
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flection of the galvanometer needle noted. The 
current is then sent through the " line " to the 
earth terminal, and the deflection of the needle 
again noted. If this is the same as before the in- 
sulation resistance is 60,000 ohms, if greater the 
resistance is proportionately less, and if smaller the 
resistance is larger. It will be noted that the gal- 
vanometer can be " shunted," so that the readings 
obtained can be either 6, 10, or 100 times greater 
than if no shunt is used. 

Certain instructions are issued with these instru* 
ments, explaining more fully their action. They are 
as follows : — 

The battery consists of two parts : one — commonly called 
the bridge battery — is a set of three Leclanche cells of low 
resistance intended to be used in testing conductor resistances 
only, a purpose for which currents of electricity of sensible 
magnitude are required. The other part is a set of 36 small 
Leclanche cells having a total electro-motive force of 55 volts 
intended exclusively for measuring insul||,tion resistances, or 
other resistances, of considerable magnitude. These cells are 
designed to give only very small currents of electricity, and 
care should be taken not to connect them inadvertently to the 
Wheatstone's bridge or otherwise put them on a circuit of low 
resistance. This battery, called the insulation battery, is sub- 
divided into three sections of 3-15 and 39 cells, so that electro- 
motive forces of about 5-25 or 60 volts can be employed as may 
be found convenient. 

The only part of the instrument which requires detailed 
description is the galvanometer. This consists of a coil of fine 
wire on a brass bobbin, in the centre of which a small magnetic 
needle with an aluminium pointer is hung in the same way 
as is usual in compasses. The pointer projects through the open- 
ing in the end of the coil, and the excursions of the needle are 
limited by the size of the opening to about 45° on each side of 
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the centre. On removing the glass cover the needle on its 
point may be taken out by withdrawing the slide on which it is 
pivoted from inside the coil. The scale, which is a scale of equal 
ourrents/is approximately a scale of tangents, and is obtained 
empirically by calibrating the instrument. The north end of the 
magn.tic needle points to the left-hand side of the box when it is 
swinging freely in its zero position. 

On the left-hand side of the box is placed the controlling 
magnet, and the position of this affects the sensitiveness of 
the galvanometer. When the north pole of the controlling 
magnet is uppermost, the galvanometer will be most sensi- 
tive ; on turning the magnet round, so that the south pole 
is uppermost, the deflection of the needle due to any given 
current will be reduced by about 40 per csnt. Generally in 
testing the insulation of well-insulated wires, the galvanometer 
is required to be as sensitive as possible, and the north pole of 
the controlling magnet should be at the top ; but for measuring 
conductor resistances, for which the galvanometer is generally 
amply sensitive, it will be found more convenient to bring the 
south pole uppermost, thereby causing the galvanometer needle 
to oscillate more rapidly. 

Besides thus affecting the sensitiveness of the galvanometer, 
the magnet is also used to adjust the needle to the zero in its 
position of rest by 'turning it slightly in one direction or the 
other. 

In preparing to test, the box should be placed on a table, or 
some other approximately level surface in front of the electrician, 
he facing the magnetic east, and the controlling magnet being 
in a vertical position. The pointer of the galvanometer \^ill then 
be found to be swinging near its zero, and may be brought exactly 
to it by slightly turning the controlling magnet. 

If at any time the galvanometer needle should become in- 
sensitive and sluggish, it may be due to one of several causes. 

It may be that the needle has become demagnetized. This 
can be remedied by withdrawing and remagnetizing it with 
an ordinary horse-shoe magnet, care being taken that this is 
done in the same direction as before. 

It may be that some dirt has found its way into the jewel. 
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This m&y be removed with a piece of soft wood cut to a fine 
point 

It may be that the jewel or the needle point i» injimjd. In 
this case the shde should be removed and aeiit with the needJe 
and pointer to the makera for repair. This will probably have 
oecurred either through the w^hole instrument having rm-eivcMi 
a blow when the lid is open and the jewel resting on the needle 
point, or through the brass spring in the lid of the box being bent 
so that it no longer presses on the lifter when the l:d is olosed, 
and the needle has consequently been reciting on the point while 
the box has been carried about. 

TssTiNa CtoNDtreroii Resistance* 

The method ua«d of measuritig the resistance of tlic con- 
ductor of the circuit under examination is that of Wheatstone's 
bridge. 

This method is so well known and understood that it Is not 
necessary to giv^e here any account of the theory* only to point 
out the arrangement of the different partA of the testing set used 
in this measurement, and tf) indicate what coils should be plugged 
in the bridge for testing different resistances to the be^t ad- 
vantage. 

Fig. 3 shows only thcjsc parts of the instrument w^hich are 
employed in this test, and nmit^ the partfl and their connections 
which relate only to insulation testing- The parts employed are 
the following : — 

1. The adjustable resistance. This, it will be seen, consists 
of two sets of 9 coils each connected to circular plug commutators 
or dials. One set of coils has nine resistances of ten ohms each, 
making ninety ohms in all ; the other ha« nine reslwtancea of one 
ohm each, making nine ohms in all. If the hole marked with any 
number. Bay 5, is plugged in the ten -ohm dial, a resistance of 
fifty ohms is inserted bi^twt^n the connecting leads entering and 
leading away from the dial ; and a similar rule applies to the one- 
ohm dial. Hence if the hole 6 be plugged in the tens dial and 
the hole 8 be plugged in the units flial, a total resistance is in- 
serted in the two in series of 68 ohma. The lowest resistance that 
CAH be obtained is given when both the holes are plugged, 
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^hen the coil resistance inserted is zero. The highest resistance 
is obtained by plugging the two 9 holes, when the total resistance 
is V)9 ohms. If no plug is inserted in one or both dials, the circuit 
is broken and the resistance is infinity. 

2. The second part of the apparatus is the double set of 
proportional resistances, consisting of two coils of 10 ohms each, 
two of 100 ohms and two of 1,000 ohms, these constituting what 
is known as Wheatstone's bridge. Of these only one on each 
side of the centre is to be unplugged for any given test, and a 
rule is given later on for selecting the resistances to be employed 
to obtain the greatest possible sensitiveness ; that is to say, for 
selecting those coils which will give the largest deflection on the 
galvanometer, when the resistance plugged in the dials varies by 
a given error from that of the circuit under test. 

3. The third part is the galvanometer which has been already 
described. Its two terminals are connected to the two ends of 
the Wheatstone's bridge by depressing the contact key. It will 
be noticed that the shunt coils, with their plug commutator, are 
omitted from the diagram. This is done because they are not 
essential to the test, though they may be conveniently used when 
the balance of the bridge is not yet approximately correct, and 
very large deflections are being obtained. 

4. The battery, as has been already described, consists of 3 
Leclanche cells, having an electro-motive force of about 6 volts. 
One pole of the battery is connected in the usual way to the 
middle of the Wheatstone's bridge, and the other to the point 
where the end of the adjustable dial coils is connected to one 
of the terminals, to which the conductor under test is attached. 
The connections are made by inserting the plugs at the ends of 
the battery leads, in the two holes marked BRIDGE, and im- 
mediately this is done the current is established in the coils ; 
the galvanometer circuit is of course not completed till the key 
is depressed. 

5. The ends of the conductor to be tested are to be secured 
under the two terminals marked BRIDGE TERMINALS, and 
in measuring low resistances care must be taken that they are 
very securely attached. 

The test is begun by selecting the coils to be unplugged in 
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the Wheatstone's bridge i to do thia it ia necessary to know 
ftpproximately the value of the resiatance to be nw^aaured. 
Generally some idea- of jta value can be formed, but if it ia quite 
unknown, two coik on the bridge niay be choaen at random and 
a preliminary measurement fuade. Th i^ measurement will enable 
the correct coib to be cOioaen for a further test. 

The following paira of coils are to hv selected — 

For resistances between 1 ishm and 10 ohma, left-hand coil, 
100 ohm« ; right-hand coil, 10 ohms. 

For resistances between 10 ohms and 100 ohms, left-hand coil, 
100 ohms ; right-hand coil, 100 ohma. 

For resiatances between 100 ohms and 1,000 okma, left-hand 
coil, 100 ohms ; right-hand cojl> 1 ♦(H)0 ohms. 

In al! these cases coils will be employed in both dials, and 
a result giving two significant figures will he obtained ; a thtrd 
figure can always be found in meaauring resistances between 
these limits, viz., bctvieen 1 ohm and IXKK) ohms, by observing 
the de flections of the galvanometer needles on both aides of the 
zero for different adjustments of the dial resietancea near the 
balancing point. 

For example we will s^uppose that the 10-ohm coil on the 
right-hand side of the bridge and the 100 -ohm coil on the left- 
hand side are unplugged, and that when 45 ohma are plugged 
in the dials, and the key depressed, a throw of three di visions 
of the galvanometer needle ia observed to the right ; and wheo 
4(> ohms are plugged we get a throw of two diviaions to the left 
on the galvanometer scale. It is clear that the resistance to be 
measured lies between 4'5 and 4-0, and is nearer to 4*ti than 4 '5, 
as two is leaa than three ; that is, the rt^ai stance ia 4-56 ohms. 
As ft further example, suppose lOO ohms to be unplugged on 
each aide of tlie biidge, and 82 ohms to be plugged in the diab ; 
on deprcflsLng the key, no deflection of the needle ia observed. 
On plugging 81 ohms in the diala, a throw of six divisions to the 
right is obtained, and on plugging 83 ohms we get the aame de- 
flection to the left. We are til en amply justified in putting the 
third fi^re in the result aa 0, and the resistance to be measured 
is 82*0 ohma- 

Resistances from i tJim to 1 ohm may be measured either 
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with the same bridge coils as are used for resistances of 1-10 
ohms, viz., 10 ohms on the right side and 100 ohms on the left, 
but only to two significant figures, since the tens dial will be 
plugged at 0. 

Resistances of from *1 ohm to 1 ohm may also be measured 
to three figures by using the bridge coils of 1,000 on the left 
side and 10 on the right, and resistances from 1,000 ohms to 
10,000 ohms by using the bridge coils of 10 on the left and 
1,000 on the right. For both these tests, however, more battery 
power is required than is provided in the ordinary portable 
battery supplied. 

For making this test attention may be called to the following 
points, some of which have been noticed before. 

Except in testing at the extreme range of the instrument, t.e. 
quantities less than 1 ohm or greater than 1,000 ohms, the 
galvanometer will be found amply sensitive, and it is better to 
place the south end of the controlling magnet uppermost, thereby 
reducing the time of the oscillations of the galvanometer needle. 

The battery should be in circuit as short a time as possible to 
avoid running down the cells, and it is well to take out one of the 
battery lead plugs when any alterations are being made in the 
plug commutators, only replacing it just before pressing the gal- 
vanometer key. 

Care should be taken to connect the conductor to be tested 
very securely to the bridge terminals. This may be done for 
very large or stranded conductors, either by soldering to their 
ends thin brass plates with holes in them of a suitable size to go 
under the heads of the terminals, or the connection may be 
made by means of finer wires soldered to the end of the main 
conductor. The resistance of these must be independently 
ascertained and subtracted from the gross result. 



Measurement of Insulation Resistance. 

This is a measurement of the electrical resistance of the in- 
sulating material of a cable to the passage of a current from the 
inside conductor through the insulation to the lead sheathing, 
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wet yam, armour, or other outside conducting surface, and tLe 
inverse of the insulation resistance is the insulating conductivity, 
or, as is generally termed, the leakage. 

This measurement is effected by a method known as that of 
direct deflections. It consists in passing a current from a battery 
through a galvanometer into a conductor of a cable whose farther 
end is free and disconnected, thence through the insulating 
material to the outside coating or earth, and so back along a 
temporary conductor to the other end of the battery, the de- 
flection of the galvanometer needle produced by this current 
being noted. Replacing that part of the circuit which was 
formed by the insulating material of the cable by a standard 
resistance of known value, we obtain a new deflection of the 
galvanometer needle. 

The quotient obtained by dividing the deflection produced 
by the current through the standard resistance by that through 
the cable insulation is a measure of the insulation in terms of 
the standard. 

Thus, for example, suppose that a given battery produces 
on the needle of a galvanometer placed in series with the in- 
sulation of a cable in the manner described, a deflection of 
10*3 divisions, and that on substituting a resistance of 1 megohm 
for the insulation we get 42 divisions, we find that the insulation 
resistance is y^?3 -=41 megohms approximately. 

Fig. 4 shows only those parts of the apparatus and their 
connections that are used in this measurement, those which 
relate only to the measurement of conductor resistances being 
omitted. 

The arrangement, it will be seen, is as follows : One pole of 
the battery — the battery of 39 Leclanche cells giving an E.M.F. 
of about 60 volts is normally employed — is connected by a con- 
ductor, ending in an ebonite-headed plug, to the lower of the 
two plugged holes marked INSUL** Thence the current passes 
along a connecting wire to the block marked SHUNTS, and 
thence through the galvanometer to the upper block on the other 
side ; we may observe in passing that these two main blocks, 
one on each side, are practically the terminals of the galvano- 
meter. If a shunt is plugged, ith, a'oth, or yjo*^ o^y o^ ^^^ 
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current passes through the galvanometer, the remainder finding 
its way through the corresponding shunt coil. 

From the upper block on the left-hand side, the current may 
take two paths, according as the hole marked INSUL* » or that 
marked 60,000 ohms, is plugged ; if neither is plugged, the circuit 
is broken, and no current can pass. This plug forms consequently 
a convenient make and break key If the hole marked INSUL** 
is plugged, the current passes to the terminal marked INSUL**» 
so through the insulating covering of the cable to the outside 
sheathing or earth, back to the terminal marked EARTH and 
the plug-hole marked £, and then along the lead to the other 
pole of the battery. If, however, the hole marked 50,000 ohms 
be plugged, the current will pass through the coil of 50,000 ohms, 
then along a connecting wire to the plug-hole £, and so back to 
the battery. 

In beginning this test the conductor of the cable, or insulated 
wire, or a temporary lead attached to it, is connected to the ter- 
minal of the instrument marked INSUL^*> and another lea<l, 
connected to the outside sheathing of the cable, or the wet soil 
in which it lies, is attached to the terminal marked EARTH, care 
being taken that these leads are separated, and that no circuit 
exists between them except through the insulation of the cable. 

The test then consists in — 

1. Noting the deflection obtained when tjie 50,000-ohm hole 
is plugged — i,e, obtaining the deflection produced by the current 
passing through a known resistance ; this is called taking the 
constant of a galvanometer. It will be found in practice that 
with a battery of 39 cells supplied, it is necessary to use the shunt, 
giving a multiplying power of 20 ; and we may note here that 
the passage of the current through a galvanometer shunted thus, 
and then through 50,000 ohms, gives the same deflection as pass- 
ing the whole current through the galvanometer not shunted 
and through a constant of 1,000,000 ohms. In short the de- 
flection thus obtained is the deflection given by the battery 
through one megohm. 

2. Transferring the plug to the hole marked INSUL'^** and 
again noting the deflection obtained, the galvanometer being 
shunted if necessary to give a convenient reading. 
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On dividing the deflection on the scale obtained when taking 
the constant by the deflection obtained in the second part of the 
test, and multiplying the deflections by the shunt or shunts 
employed, we obtain the insulation resistance of th3 cable in 
megohms. 

For example : suppose that the current from the battery 
when passed through a constant resistance of 50,000 ohms gave 
a deflection of 42 divisions on a galvanometer shunted to ^, 
and that when passed through the cable insulation it gave 23 
divisions with the galvanometer shunted to -^, the insulation re- 
sistance would be ^-JJ-g- megohms— '37 megohm approximately. 

For another example : if having found the same galvanometer 
constant, we obtained from the cable insulation a deflection of 
10 divisions with no shunt employed, the insulation resistance of 
the cable would be * J megohms — 4*20 megohms. 

It will be observed that, when al the holes in the straight 
commutator near the front of the blox are plugged, the key on 
the left-hand side, which is used in the bridge test as a galvano- 
meter make and break key, becomes for the insulation test a 
short circuit key, and is useful for checking quickly the oscilla- 
tions of the needle. 

(N.B. — Although the maximum voltage of the testing battery 
usually employed with this Testing Set is only 60 volts, the set 
can be used with a testing voltage of 200 volts, as required by 
the Board of Trade regulations. In this case, instead of using 
the multiplying power of 20 as described above, the multiplying 
power of 100 should be used in taking the constant — the deflection 
thus obtained will be the same as that which would be given by 
the unshunted galvanometer through a total resistance of 6 
megohms, and the calculation of the resistance to be measured 
would then be made in exactly the same manner as described 
above, except that 5 megohms will be substituted for 1 megohm.) 

In making this test the following points may be called attention 
to:- 

1. Too much care cannot be taken in preparing the ends of 
the cable. Since we are measuring a very small current of 
electricity passing from the conductor to the outside pheathing, 
through the insulated covering, it is clear that our results will be 
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entirely misleading if any current be allowed to pass over a dirty 
surface at the ends where the conductor is exposed. These 
ends should be looked to before testing, and in the case of india- 
rubber or other firm material, the section of the insulator should 
be pared all over with a sharp and perfectly clean knife. 

2. Care should be taken not to short circuit the battery, 
which may easily occur in two ways. One is by allowing the 
two battery plugs to touch one another, when the other ends of 
the leads are attached to the battery terminals ; and another 
is by allowing the lead attached to the earth terminal to touch 
that at' ached to the insulation terminal. 

In both cases the battery of small cells will be for a time much 
overworked, and in the second the needle may become bent or 
demagnetized. 

3. Another point that may be noticed is that in deducing the 
insulation resistance per statute mile from a test on any given 
length, the result obtained from a test on the latter is to be 
multiplied by the length of the piece in miles, and not divided 
by it. 

For example, if the insulation of a cable three miles long be 
15 megohms, the iasulation per mile will be 15 + 3 or 45 meg- 
ohms ; or again, if the insulation of a piece of cable, whose 
length is 350 yards, be 7,520 megohms, the insulation per statute 
mile will be -^^f^f g-- megohms —1,495 megohms. 
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CHAPTER VIII 
Costs and Estimates for Wiring 

TO treat the subject of the costs of wiring under 
the various systems in an adequate manner 
would be impossible within the scope of this treatise, 
and it is only possible to give a few hints that may 
serve as a guide to tlioae who are inatallLng the 
electric light. The conditions are so varied in dif* 
ferent buildings that, unless the details of a scheme 
of wiring are properly considered, it is quite im- 
possible to say what the costs may be. One hears 
frequently of contractors who undertake to do 
the wiring of a building at so much per light {very 
frequently an extremely low price) ; but this is a 
very indefinite method of estimating, unless It 
is specified exactly w^hat is included — it is in this 
respect that the public are often deceived, with the 
result that large sums of money have to be ex- 
pended in unexpected *' extras-*' As regards wiring 
only, the term of " cost per light " is misleading, 
since a large number of lights may be grouped 
together in one fitting, in which ease the wiring 
is the same as that for one light, except as re- 
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gards the size of conductor employed ; hence it is 
preferable to calculate the number of " points " of 
light in a building. Again, it should be specified 
if fittings of any kind are included in the costs, as 
tenders are sometimes sent in, in which it is assumed 
the fittings will all be " extra." Other points in 
tenders, such as cutting away and making good, 
moving of furniture, taking up of floor boards, 
fixing of expensive fittings, should all be carefully 
considered, as the cost of these items forms a con- 
siderable percentage of the costs of the whole in- 
stallations. When obtaining prices for wiring work 
from contractors, great care should be taken in 
giving out the work to see that everything that can 
possibly be included is allowed for in the price. 
Some points that are likely to be omitted in a con- 
tractor's specifications are : — 

(1) Cutting away and making good, painting and 
varnishing decorating work. 

(2) Taking up carpets, removing furniture, etc. 

(3) Cost of fixing fittings. 

(4) The supply of lamp-holders, lamps, and shades. 

(5) Removal of gas-fittings and stopping off the 
supply. 

In the catalogues of manufacturers of fittings it 
is a usual practice to exclude the cost of holders, 
lamps, and shades, although they appear in the 
designs. It is far best for any one who is ignorant 
of the intricacies of electric lighting to employ a 
consulting engineer to draft a complete specifica- 
tion and submit it to several good contractors ; the 
successful one will then be obliged to follow the 
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specification, and any extras have to be allowed by 

the consulting engineer. 

When one is told that installations are put up 
at prices of 10^. per point, including fittings, etc., 
complete, it is quite certain either that the con- 
tractor is foolishly losing money, or else that very 
inferior materials and labour are being employed. 

In any ordinary building the materials for wiring 
can be calciilated fairly exactly, the labour costs 
being the most difficult to estimate. In a West- 
end London house the costs of materials, in a wood- 
casing system, may roughly be taken as follows :— 
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The labour, it is safe to say, is never less than 5s^ 
per point, and may be as much as £1 per point, if 
the difficulties are great and expensive fittings have 
to be fixed. It wOl be seen that the above prices 
are based on actual cost "prices to the cotitractor, no 
account bemg taken of fittings. Even if the plainest 
fittings are employed, the cost will be^ say, 3^. each 
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in addition ; it therefore becomes quite apparent 
that electric lighting cannot be done at anything 
like lOs. per point, including fittings, and the public 
cannot be too careful in discriminating between 
good and bad work. 

Competition is responsible for a great many in- 
ferior installations, and if prices are unduly cut 
down, bad work in some form is likely to be put 
in. The above approximate prices are the nett 
prices actually paid by the contractor for wages 
and materials, taking no account whatever of profit 
or allowances for contingencies or superintendence, 
and if these are to be taken into consideration, an 
increase of something between 30 and 50 per cent, 
over the whole nett costs should be allowed. As- 
suming, therefore, that the labour per point is 
about lOs, (a very moderate inclusive estimate in 
most cases), it follows that for good work, inclusive 
of everything, and assuming that simple fittings 
only are employed, a price of 305. per point is not 
at all an extravagant price to pay for wiring. The 
prices above given must not be taken by any means 
as universally applicable, but they do apply in the 
case of a large number of ordinary dwelling-houses 
where the conditions are not especially difficult. 
In country house installations the costs would 
probably be greater than these, owing to the fact 
that wiremen and carpenters receive " out-money " 
allowances. For the same class of buildings the 
cost of concentric wiring would be about the same, 
but for iron barrel system the. costs are greater, as 
the tubes are more expensive than casing, and the 
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labour cannot well be less. For similar installations 
the cost per point wired should be from lOs. to 15«. 
more expensive than with wood casing. It is im- 
possible to give even the approximate costs of wiring 
works, factories, or theatres, or, indeed, special build- 
ings of any kind ; eaeh installation must be judged 
on its oun merits, and it must be borne in mind thai 
the cost of the labour determines more than anything 
else the total cost of the whole installation. 

In drawing up specifications for wiring, a schedule 
of the number of lamps, pohits of light, switches 
and fittings is made, and the exact positions indi- 
cated. When this is arranged, the sizes of conduc- 
tors and number of fuse-boards can be calculated. 
The exact conditions under which the contracts are 
to be carried out must be clearly specified. In order 
to give the reader a general idea of the usual char- 
acter of a good specification for the wiring of an 
ordinary dwelling-house in London, of about, say, 
75 lights, as carried out under a consulting engineer, 
the following may be taken as an example for a 
wood-casing installation : — 

Specification fob Complete Installation, ik- 
CLUDiNG WrEtma and Fixing Fittings, for 
75 Lights, 

General.—The whole of the work to be carried 
out in accordance with the specification to the 
satisfaction of the consulting engineer, in accor- 
dance with the requirements of the supply com- 
pany and fire insurance companies interested. 

The contractors to make good all defects that 
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may appear within twelve months from the date of 
completion of the contract, such defects being due 
to faulty material or workmanship only. 

Payment. — Payment for the work to be as fol- 
lows : — 

80 per cent, on the certificate of the consulting 
engineer. 

10 per cent, on the satisfactory completion. 

10 „ „ one month after completion. 

Cables. — All cables to be insulated with pure and 
vulcanized rubber, then taped and braided and 
covered with preservative compound. The insula- 
tion resistance to be at least 600 megohms per mile, 
at 60° Fahr., after 24 hours' immersion in water, 
the electromotive force used for testing being at 
least 200 volts. 

All the conductors to be stranded and tinned, the 
conductivity of the copper in no case being less 
than that of pure copper according to Mathieson's 
standard ; conductors of opposite polarity to be 
coloured red and black, and all single-pole switches 
to be fixed on the red conductor. 

Current Density. — The ampere density of the leads 
must not exceed 800 amperes per square inch, as- 
suming that every lamp is of 16 c.p. and requires 
100 volts. 

Casing. — The cables to be run in best American 
whitewood casing throughout, except behind plaster, 
and when passing through walls and partitions, in 
which cases metal tubes must be employed, consist- 
ing of composition or brass tubing or iron barrel. 
Wherever exposed to view the casing is to have 
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two coats of paint (to suit the decorations), and in 
damp situations to be shellaced inside and out* 

Bunching of Ca6Ze^»— Conductors of similar polar- 
ity may be placed in the same grooves of casing, 
but ample room must be allowed in the grooves for 
drawing in and out. 

Distribution Boards and Main Leads,- — One main 
double-pole switch and fuse for 50 amperes to be 
fixed close to the position selected for the entrance 
of the mains, and a pair of 19/16 to be run without 
any diminution in area, to at least two subdistribu* 
tion boards placed in convenient positions, prefer- 
ably at the back of staircase. From these boards 
5 ampere circuits to be run to the various lamps 
throughout the house. 

The main-pole switch and fuses to be mounted 
on two enamelled slates, separated by a wood fillet. 
Each switch to have a quick double break of at 
least three inches, and the current density in the 
metal must not exceed 250 amperes per square inch. 
The slates to be mounted on hardwood battens, and 
to be well packed out from the wall. The whole 
to be enclosed in a polished teak case, with glazed 
front and lock and key. 

In the distribution boards each pole is to be 
separately mounted on enamelled slate, with a 
dividing strip of polished hardwood between the 
mains at least I J inches wide. Two omnibus bars 
to be provided, from which 5 ampere circuits are 
to be taken to the various lamps throughout the 
house, the current passing through easily replace- 
able fuses, each guaranteed to melt with a current 
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of 10 amperes ; the terminals of the fuses to be at 
least IJ mches apart. All comiections to the 6 
ampere circuits to be made on the surface of the 
boards. Each subdistribution board to be enclosed 
in a poHshed teak box with glazed front. 

In order to secure perfect insulation it is prefer- 
able to bush the holes for the screws, holding the 
slates to the wood battens with ebonite, both in the 
main switch distribution boards, so that the metal 
of the screws cannot come in contact with the 



Joints, — To be carefully made in the most ap- 
proved manner and soldered with resin, at least 
three layers of rubber strip being put in next the 
conductor, and this insulation protected by a cover- 
ing of two layers of strong waterproof tape. 

In order to avoid joints as far as possible, the 
conductors should be left long enough to reach the 
holder of the fitting employed, wherever this can 
be so arranged. 

No joints are to be made where the conductors 
are embedded behind plaster. 

Switches, Wall Sockets, and Ceiling Roses, — These 
to be of the latest design, and fixed on polished blocks 
of teak or hardwood, recessed at the back to allow 
space for the conductors and casing to be brought 
to the terminals. Where necessary rough wooden 
blocks must be provided, as fixing for the polished 
wood blocks. 

Cutting avxiy and Fixing Fittings, — The tender to 
include all cutting away and making good, and 
also the cost of fixing and wiring any fittings that 
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may be selected. It is understood that substantial 
wood blocks must be provided and fixed to support 
the weight of the heavier fittings. Where floor 
boards are taken up they are to be refixed with 
screws, so that access can be gained to the cables 
if necessary. 

Lamp-holders, etc. — Seventy-five lamps and holders 
to be provided, and also the cost of ten spare lamps. 
The holders to be of the Edison & Swan bayonet 
description, and of the latest design. 

Alterations and Additions. — No alteration or addi- 
tion to be made without consent in writing of the 
consulting engineer. Any dispute that may arise 
during the execution of the contract shall be settled 
by the consulting engineer, whose decision shall be 
final. 

Tests. — On the completion of the work, including 
the fixing of all fittings, the installation must be 
tested with a pressure of at least 200 volts, and the 
insulation resistance to earth of both mains together 
shall not be less than 3 megohms, and the insulation 
between mains not less than 1 megohm. 

The above, with the addition of a schedule of 
lights and switches and their position, may be taken 
as a fair example of the specifications now in vogue 
for lighting. It will be observed that the con- 
tractor has to work under severe conditions, and 
if the installation is properly carried out it is worth 
at least from 255. to 305. per point, excluding the 
cost of fittings only, but including lamp-holders. 

Similar specifications are issued on much the 
same lines for iron bairel installations. The kind 
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of barrel to be employed must be carefully specified, 
and also the various details of the junction boxes 
and bends. Iron barrel " elbows " should not be 
allowed, as it is very diflScult to draw the wires in 
through them. 
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CHAPTER IX 

Electricity Meters and Systems of 
Charging for Electric Current 

IF it could be conveniently arranged to keep the 
electric pressure in houses under control by 
means of taps, as is done with gas, and thus mini- 
mize the evil arising from variations of pressure in 
the supply mains, and if too some cheap and reliable 
system of storing electrical energy on a large scale 
could be devised, there would then be no diflSculty 
in charging consumers in an equitable manner for 
electric current supplied by central stations, and 
there would be no need for the somewhat elaborate 
systems of rebates according to " maximum de- 
mand " now in vogue. Unfortunately, however, the 
light given by incandescent lamps varies enormously 
with slight variation of pressure, since if the pressure 
is too low for the lamps the consumer pays for 
current that is useless to him, as he gets no light, 
and if it is too high an abnormal brilliance of the 
lamps is followed usually by the breakage of a large 
number of filaments in the lamps. In both cases, 
however, the consumer pays for the current con- 
sumed, and is liable to suffer. In order to protect 
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the public the Board of Trade has therefore laid it 
down in their regulations that the variations in 
pressure from the normal must not be more than 
2 J% either above or below, making a total variation 
of 5%. Thus, if the normal voltage of supply is, 




RecordiDg voltmeter. 

say, 200 volts, the pressure should not rise higher 
than 205 or fall lower than 195 volts. If therefore a 
consumer can prove that for given periods the varia- 
tions in pressure at the house terminals have ex- 
ceeded the above limits, he can dispute the accounts 
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for the periods in question. A useful instrument 
to instal therefore is a recording voltmeter as shown 
in the illustration. In this instrument the pressure 
is recorded automatically on a strip of paper, which 
is moved forw'^ard by clockwork, and the instrument 
resembles in its general appearance and action the 
common self-recording barometer. Meters will 
register current if it is supplied at the correct pressure 
or otherwise ; the above regulation of the Board 
of Trade is therefore very necessary in order to 
protect the public. Meters are usually made to 
register in Board of Trade units, that is to say, they 
register kilowatt hours ; thus, if the pressure of 
supply is, say, 200 volts, 5 amperes passing for one 
hour would register one unit, or 10 amperes for 
one hour at 100 volts would similarly register one 
unit. 

Owing to the fact that it is too costly to store 
electrical energy on a large scale for central station 
purposes it is found in practice to be necessary to 
instal machinery of such an output that it is capable 
of dealing with the maximum lighting load which 
may be required, and this load is heaviest in the 
evenings between six and eight o'clock. A great 
part of this machinery is lying idle and unremunera- 
tive during daylight hours, as there is only a com- 
paratively small demand in the daytime for electric 
light ; it is the object therefore of central station 
engineers to try to induce their customers to use 
current during the day (in order to prevent the 
machinery lying idle) and diminish their consump- 
tion in the evening during the hours of maximum 
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demand, i.e. between six and eight o'clock, in order 
to avoid capital expenditure on machinery. They 
try to effect this object by making arrangements to 
charge their consumers at a lower rate for energy 
consumed during the day and at a higher rate for 




Time switch with two-dial meter. 

energy consumed during the evening. This can be 
done in several ways, as follows : — 

(1) A meter can be provided with two sets of 
dials, one for the day and one for the evening load, 
and either of these sets can be put into operation by 

136 



Digitized by 



Google 



liNTERNAL WIRING OF BUILDINGS 

means of a time switoli operated by a clock. The 
day current is then charged for at a lower rate than 
the current consumed during the evening. One of 
these time switch instruments is shown in the figure 
m conjunctioa with a two-dial Aron meter. 

(2) One set of dials can be used, and the time 
switch can be used to insert a resistance in the 
shunt circuit during the daytime, so that the meter 
registers only a fixed proportion on tlie total units 
flowing through it during the day. The charge is 
made out according to the reading on the dials, al- 
though a greater number of units has passed through 
the meter than is actually registered. In the ease 
of meters without shunt circuits this cannot be done. 

(3) No time switch is used, but an instrument 
called a '' maximum demand " indicator is fixed, 
which shows the maximum amount of current 
that passes through the meter at any given time. 
It is then assumed by the supply company that 
this maximum amount of current has passed 
through the meter for a given number of hours 
every quarter, usually one hour per day for 90 
days, and the number of units so reckoned is de- 
ducted from the total number of units consumed 
during the period and charged for at a higher rate ; 
the remaining units are charged for at the lower rate. 
An example may perhaps make this clearer. Sup- 
pose that the total number of units consumed during 
the quarter amounts to 200 at 100 volts pressure, and 
that the maximum demand as shown by the indi- 
cator is 15 amperes— it is assumed then that 15 
amperes has passed for 90 hours daring the quarter, 
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and that 



15x90x 100 



1 135 units have been eon- 



1,000 

sumed at this rate. If now the higher rate of charge 
is Id, per unit, and the lower rate 2d., 135 units will 
be charged at 7d., and 200-135=65 will be charged 
at 2d. 

This method of charging is extremely convenient, 
and effects its object perfectly ; it tends io prevent 
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Fig. 1.— Sketch of Wriglit's maximum demand indicator. 

consumers using a large number of lamps at one 
time, and encourages a demand for current during 
the daytime. It is largely used, and is known as 
the maximum demand system. Two illustrations 
are given here of Wright's maximum demand indi- 
cators. It consists essentially of a V-shaped (Fig. 1) 
tube with a bulb at each end, and it contains a 
coloured liquid. At the end of one limb there is a 
smaller tube, called the indicating tube. On the 
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outside of the bulb H B i^ a. copper coil through 
which the main current passes. When the instru- 
ment is working the current heats the air inside thia 
bulb and causes the liquid to rise in the other limb. 
The amount of rise {and therefore the current) is 
registered by the falling of the liquid into the indi- 
cating tubcj and the maximum current in amperes 
that has gone through at any given time m thus 
registered. It may be noted that a short circuit 
has no effect on the instrument, as there would not 
be sufficient time for the air to be warmed before the 
fuse melted. Usually the instrument is read every 
quarter ; the instrument is then re-set by turning 
it upside down — this empties the tube that registers 
the number of amperes, and leaves everything ready 
for a new reading for the next quarter. Fig. 2 shows 
the general appearance of the indicator. 

The above methods of charging for current may 
appear somewhat arbitrary at first sight, but in reality 
they are not ao ; it is certainly advisable and right 
that some sort of sliding scale system for payment 
as sketched in the above arrangement should be 
adopted. 

Tt is impossible to describe in detail all the elec- 
tricity meters as made to-day — their name is legion 
and many of them are extremely complicated— all 
that can be done therefore is to describe briefly one 
or tw^o metei^ of the better known types. 

Meters may be either integrating w^att meters or 
merely ampere hour meters, but in both cases their 
readings are taken as registering l^oard of Trade 
units ; in the case of ampere hour meters, however, 
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it is assumed that the volts remain constant. As a 




Fig. 2. — Wrigbt's maximam demand indicator. 

matter of fact the volts do not remain constant, but 
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the customer pays just as though there were no 
variation. With integrating watt meters if the 
pressure rises the increase of volts is registered on 
the dials, and the consumer pays both for the increase 
in units and also for the lamps that are destroyed 
owing to the increase of pressure. It is well there- 
fore that the Board of Trade has issued the above- 
mentioned regulations regarding the variations of 
pressure at which electric current is to be supplied 
from central stations. Meters that have no shunt 
circuits are ampere hour meters ; of this class the 
Ferranti and Chamberlain-Hookham direct current 
meters are good examples. Of integrating watt 
meters the Aron and British- Westinghouse meters 
are good examples. 

Some meters are driven by clockwork, like the 
Aron & Mordey-Pricker meters ; others again are 
known as electric motor meters, and of these the 
Ferranti and British- Westinghouse & Thompson may 
be taken as examples. For registering small currents 
the Bastian electrolytic meters are largely used, as 
they are cheap to manufacture. They are made 
on an entirely different principle ; the current passes 
through an electrolytic cell consisting of slightly 
acidulated water, and liberates oxygen and hydrogen 
in exact proportion to the current traversing the 
cell. This meter will be described later. It can 
only be used with direct currents. 

Some meters, like the Aron & Mordey-Fricker, 
can be used for both alternating and direct currents. 

One of the principal difficulties in the manufacture 
of meters is to make certain that they read correctly 
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with very small currents passing through them. If, 
for instance, the total range of a meter is up to 50 
amperes at 200 volts, it is extremely doubtful if it 
will register correctly the current consumed by a 
lamp of 8 c.p. On the other hand, a meter with a 
range of only 10 amperes would be much more likely 
to register correct the currents from one lamp. It 
is advisable therefore when applying for a meter to 
instal one with as low a maximum current as is 
consistent with safety in order to secure correct 
registration at low readings. This point is fre- 
quently overlooked, and it often happens that when 
houses are left in charge of a caretaker and only a 
small amount of current is consumed the meters 
register incorrectly at the low readings, and trouble 
arises. 

Aron Meter. — This meter has reached a high state 
of perfection after many years of development, and 
from a theoretical point of view is perfect. It has 
a wide range, and will register the smallest currents, 
but it has a very large number of parts, which means 
necessarily that it is more liable to get out of order 
than a meter with fewer parts. By referring to 
Fig. 1 it will be seen that there are two pendulums, 
each of which is worked by a separate clock, and 
both these clocks are electrically wound up every 
ten minutes or so by an exceedingly ingenious 
winding arrangement worked by the shunt current. 
The energy from the spring is transmitted to both 
clocks by means of a differential gear, so that if 
one clock tends to stop the other can go on. 

At the end of each pendulum there is a shunt 
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coilj and as long as the pressure remains constant 
the current in these coils remains constant. The 
coils at the bottom of the instrument are called 
the main coils, as they carry the total current 




¥ifi. L — Aron Meter. 

through the meter. Thege two coils are wound in 
opposition to one another. The action of the meter 
is as follows : When a current flows through the 
mala coils one of the pendulum coils is attracted 
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and makes the clock attached to it go faster, and the 
other coil is repelled, making its clock in this case 
go slower. The variation in pace of the two clocks 
is transmitted to the dials through a second differ- 
ential gear. The meter is so calibrated that the 
dials register the current and pressure in units (the 
pressure is registered because increase or diminution 
of current in the pendulum coils acts on the pace 
of the clocks in a similar manner to alteration of 
the current in the main coils). From the foregoing 
it will be obvious that when there is no current 
passing through the mains the two clocks should 
go at exactly the same pace, or synchronously, as it 
is termed. Now this synchronism is difficult of at- 
tainment in practice, so in this meter an extremely 
beautiful arrangement has been introduced to obvi- 
ate the necessity of having absolute synchronism. 
This works as follows : Assuming one clock to go 
faster than the other, the error thus introduced 
would be obviated if the pendulums could be period- 
ically interchanged, as the slow clock would then 
travel faster and the fast clock slower ; now in 
practice it is of course impossible to shift the pen- 
dulums, but to all intents and purposes it can be 
done electrically by reversing the current in the 
shunt coils on the pendulums periodically. This is 
done by a switch worked by the clockwork, and at 
the same time an additional wheel in connection 
with the mechanism working the dials is thrown 
into gear, thus causing the dial hands to turn always 
in the same direction in spite of the reversal of 
current in the shunt coils. In order to be appreci- 
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ated, the mechanism of this meter should be thor- 
oughly examined. The differential, winding, and 
synchronizing gears are each perfect in their way, 
and are worthy of careful study. The instrument 
can be calibrated to some extent by altering the 




Fio. 2. — Diagrammatic sketch of connections in Aron Meter. 

relative position of the pendulum and main coils or 
by altering the resistance in series with the pendulum 
coils. 

If used as an alternating current meter it is neces- 
sary to make trifling alteration in the electro magnet 
working the winding gear. 
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Fig. 2 shows diagrammatically the electrical con- 
nections. U is the reversing switch for the pendulum 
coils, and R a resistance in series with these coils. 
P is the coil for the self-winding arrangement, and 
the main current passes through the coils 88, 

Mordey dk Fricker Meter, — This ingenious meter 
is also a clock meter, and is hand wound. Except 
for the clockwork, it has very few parts, and it is 
designed especially as a cheap meter for small cur- 
rents. Its range is not great, but it will record very 
small currents, and can be used either for alternating 
or direct currents. It has no shunt current, and is 
therefore an ampere hour meter. The clockwork is 
that of an ordinary spring balance-wheel clock, but 
the hair-spring and balance-wheel are replaced by 
a magnetizing coil conveying the main current, and 
a wheel with a number of soft iron needles laid 
parallel to one another and embedded in slate. The 
arrangement of the needles is similar to that of the 
magnets on the ordinary marine compass card. 

On referring to the figures it will be seen that the 
balance-wheel with the needles embedded in it is 
made to vibrate inside the current coils, and these 
coils act like the hair-spring of the balance-wheel, 
the pull they exert being exactly proportional to 
the current passing through the coils ; the result of 
this is therefore that for small currents the clock 
goes very slowly, and consequently the balance- 
wheel with the needles vibrates slowly from side to 
side, and as the current increases the clock goes 
faster and faster and the balance-wheel vibrations 
are proportional to the current. The range of the 

146 



Digitized by 



Google 





- ^ Digitized by VjOOQIC 



i I 



INTERNAL WIRING OF BUILDINGS 

meter is small because diflSculties arise when the 
comparatively speaking large balance-wheel is made 
to move backwards and forwards very quickly. 
This meter reads direct in units, and the dials record 
the number of vibrations of the balance-wheel. As 
the balance-wheel is heavy, it is suspended by means 
of a torsionless thread from the^ top of the instrument 
as shown in the diagram. As the accuracy of this 
meter depends on the amplitude of the vibrations 
being equal at all loads, a very ingenious arrange- 
ment has been introduced by which the balance- 
wheel is made to do work against friction towards 
the end of each vibration by setting in motion a 
small V-shaped piece of metal, which oscillates to 
and fro at each vibration until the amplitude is 
reduced to the normal. 

When the current is passing through the meter 
the clock ceases to work entirely, and therefore the 
mainspring does not run do\^Ti. It is found in 
practice that an eight-day clockwork is sufficient 
to work the meter for a full quarter. 

Chamberlain dh Hookham Meter, — This meter is 
one of the best known and most reliable meters. 
The direct current instrument is an ampere hour 
meter which has, comparatively speaking, few parts. 
It is an electric motor meter, the magnetic field tra- 
versing the armature being produced by a permanent 
magnet, A, (See Figure, which shows a back view 
of the meter.) The lines of force from this magnet 
travel along BB, and then divide into two directions, 
part travelling upwards through the iron pillars EE 
and the brake disc 0, and completing the magnetic 
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circuit through the iron bridge piece G, The othei 
part, traveUing downwards through the mercury 
bath L L, containing the copper armature disc N, 
completes the magnetic circuit through the iron 
bridge piece DD, 

The main current is made to pass through the 
armature disc N by means of the copper strips KK, 
which are connected to the terminals //. 

The mercury bath i L is in connection with the 
ends of the copper strips KK, so that there is a circuit 
of very low resistance between the two terminals //. 
The armature N revolves because the current and 
lines of force mutually react on one another, pro- 
ducing a torque. The torque thus produced is 
directly proportional to the current, provided the 
magnetic field remains constant ; therefore the revo- 
lutions of the armature are also directly proportional 
to the current, and the dials are connected to the 
armature spindle in such a way that the current con- 
sumed is recorded in units. 

The brake disc on the same spindle as the arma- 
ture is inserted in the magnetic circuit to prevent 
the meter going fast ; it is, in fact, merely a brake 
which acts with a force nearly constant whatever 
the current may be passing through the meter. It 
causes the motor to do a small amount of work, and 
increases the range of the meter to a very large 
extent. 

The friction on the pivots of the armature spindle 
is reduced to a minimum, as the weight of this part 
of the mechanism, including the brake disc, is carried 
by the mercury bath. 
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In order to compensate for the fluid friction of 

the mercury travelling round in the bath, a small 
coil, //, of a few turns only is introduced into the 
main circuit, and thift has the effect of weakening the 
magnetiam through the brake disc, and thus allows 
the meter to go a little faster to compensate for the 
loss of speed due to the fluid friction. 

These meters are all sent out with a testing co- 
efficient label by which a meter t*an be tested for 
accuracy at any time when in position. I'he cali- 
bration of the meter is so arranged that the current 
in amperes passing through the meter multiplied by 
the time in seconds {or fraction of a second) taken 
for one revolution of the armature disc is equal to 
the testing constant. Thus, for instance, if the 
testing constant is, say, 17, and the current passing 
through is 10 amperes, one revolution of the arma- 
tore will be completed in 1*7 second. It is gener- 
ally convenient for purposes of accuracy to take 
the time of several revolutions, say 20, in which case 

current x time of 20 revolutions , ^. , . 

-^ — —^ — ==testmg constant. 

By thus taking the time of a given number of 
revolutions of the disc at any given current, the 
working of the meter may be efficiently and quickly 
checked without reference to the dials. 

Wlien installing the meter the mercury bath is 
filled through a tube fixed to the bath, and before 
the meter will work the indiarubber pad pressing 
against the brake wheel must be released by turning 
the screw which keeps it in position (this rubber pad 
and screw is not shown in the drawing), 
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Westinghouse Alternating Current Integrating Watt- 
Meter. — Three figures are given here of this interest- 




ing meter. Figures 1 and 2 give general views of 
the instrument, Fig. 3 a diagrammatic sketch of the 
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magnetic and electric circuits. It is a motor meter 




Fig. 2. — Westingbouse meter with dials and bi-ake magnet removed. 

^nd the student should study the theory of single 
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phase induction motors in order to grasp the theory 
of this meter. The armature consists of light metal 
disc revolving between three alternating magnetic 
poles (see Fig. 3). The current in the fine wire coils 
is caused to be out of phase with the current in the 
main coils by the insertion of an inductive resistance, 
and the result is that there is a shifting magnetic 
field traversing the disc, which is thus subjected to 
a torque and revolves at a rate proportional to the 
current passing through the main coils. Owing to 
the peculiar shape of the magnetic circuit and the 
presence of the air gap F, the shunt current tends to 
make the lines of force traverse the air gap F, but 
the alternating current from the main coils creates 
lines of force through the disc, and the result is that 
during one-quarter of a complete period the lines of 
force due to the main coil assist in increasing the 
lines of force flowing round one-half (say the right- 
hand half in the figure) of the magnet, and during 
the second quarter of the period assist the lines of 
force flowing round the left-hand half. During the 
next half period the conditions are exactly reversed, 
the lines of force flowing in the opposite direction 
through the disc. The disc is therefore subject to 
four distinct alterations of magnetism during each 
complete period, but each alteration tends to make 
the armature rotate in the same direction. As the 
number of lines of force passing through the disc is 
exactly proportional to the current in the main coils, 
the meter can be calibrated so that the dials read in 
units. The action of the small compensating coil 
C, which consists of a few short circuited turns, is 
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to increase the inagnetism through the armature, 
and so make it go a little faster and thus compensate 
for loss in speed due to mechanical friction. 

In these meters calibration is so arranged that at 
the full stated current passing through them the 
revolutions of the armature disc is always 50 per 
minute ; at half the stated current the revolutions 
will be 25, and so on ; therefore, by coimting the 




Fio. 3.— Uiji^nnii i^liowlTij? ETectroMtt^net rtkI EleotricFil Circuits of 
tlie Woatiu^hoHse lategiutjug VV,Lttmjtar 

revolutions of the armature disc for a certain period 
at any given current, it can be quickly ascertained, 
without elaborate testing and reference to the dials, 
if the meter registers correctly. A magnetic brake, 
shown in Fig. 1, acts in exactly the same way as in 
the Chamberlain- Hookham meter already described. 
Ferranti Meter.— This meter is perhaps more 
largely used than any direct current meter, and is 
very reliable and simple. It is a motor meter, and, 
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Fig, 1.— Section of Ferranti meter. 
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unlike other meters, only one pole of the electro- 
magnet is used to act on the current passing through 




Fio. 2.--Ferranti meter. 

the armature, which in this case consists of a hath 
of mercury. The motor may be described as a 
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series wound unipolar motor, since the magnetic 
driving force is increased as the current increases in 
the coil surrounding the magnet. In Fig. 1 is given 
a section of the meter. The current entering at T 
passes up the steel pole S P, and enters the centre of 
the mercury bath MB at C ; from this point it 
traverses the bath radially in every direction to the 
outer iron rim /iJ, and from this rim a connection 
is taken to the copper coils C C, and from these finally 
to the other terminal T. The mutual reaction of the 
radial currents and the electro-magnet would cause 
the mercury to revolve at a rate proportional to the 
square of the current, but as the fluid friction due 
to the revolving mercury varies as the square of the 
velocity, the resulting velocity of the mercury is 
directly proportional to the number of amperes 
passing through the meter. It must be borne in 
mind that in this meter both the radial current in 
the mercury and the magnetism in SP increase with 
increase of current ; therefore the tendency is for 
the mercury to revolve as the square of the current 
passing through the meter. The light fan F, re- 
volving in the mercury, transmits the motion to the 
train wheels at the top by means of a worm, W, and 
a very ingenious arrangement called the swing-plate. 
SP is introduced, whereby different ratio wheels 
can be conveniently introduced to enable the dials 
to read in Board of Trade units at any voltage. The 
steel pole SP is made permanently magnetic, so that 
the meter can start with a small current, and in 
order to avoid permanent increase of magnetism, 
which might take place due to a short circuit causing 
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a large amount of current to pass through the coil, 
the steel pole is surrounded by a soft iron cylinder, 
Sy which acts as a protective shield. Fig. 2 shows 
the general appearance of the meter. 

This meter as at present made is the result of 
very many years of hard work and patient research, 
and is thoroughly reliable. 

Bastian Meter, — As mentioned above, this is an 
electrolytic ampere hour meter, and depends for its 
action on the fact that direct currents, when passing 
between electrodes, can split up water into oxygen 
and hydrogen. The amount of these gases pro- 
duced, and therefore the amount of water that leaves 
the instrument as gases, is strictly proportional to 
the current passed through the meter. This meter 
is shown in the figure, and consists essentially of a 
glass tube open at the top containing acidulated 
water and two platinum plate electrodes. A gradu- 
ated scale reading in Board of Trade units is placed 
at the side, and as the level of the liquid falls owing 
to the elements of water being given off as gas, the 
scale reading opposite the height of the liquid gives 
the number of units consumed. In order to prevent 
atmospheric evaporation a layer of oil is poured on 
the top of the liquid, and the junction line between 
this oil and the water acts as a pointer. A vulcanite 
frame at the end of the glass tube acts as a support 
to the electrodes, which consist of two platinum 
plates placed close to one another at the bottom of 
the tube, the leading-in wires being protected from 
electrolysis by vulcanite tubes. 

These meters are suitable only for small currents, 
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as the drop in pressure due to the passage of the 
current would be too great for heavy loads ; up to 
5 or even 10 amperes, howeverj they are largely used^ 
but in any case there is probably a larger lo^s of 
pressure in these meters than in any other type* 
They can, however, be very cheaply made, and 
therefore command a large sale. As ampere hour 
meters they are very accurate, and they also register 
correctly very small quantities of current. 

When the level of the liquid falls to the bottom 
reading of the scale the tube must be refilled with 
water till the zero mark is reached. 

Meter Iteaduig and Testing. — It is not easy for 
any one unacquainted with meters to read the dials 
accurately, so a few hints may here be given on the 
subject On the dials of nearly all meters it will be 
seen there are arro%vs showing the dii-eetion in which 
the hands should move ; if they move in the con- 
trary direction the meter is not connected rightly 
to the mains. There are usually four dials, the left^ 
hand one indicating '' thousands " of units, and the 
others hundreds, tens, and single units. If now, for 
example, on the " thousands " dial the hand points, 
say, to the number 7, it is not safe to assume that 
7,000 units have been consumed until the dial next 
on the right has been consulted ; if this dial shows, 
say, 9, the true reading will be 6,900 odd, but if it 
shows, say, 1, the true reading will be 7,100 odd ; 
similarly, in order to read the hundreds dial cor- 
rectly, reference must be made to the next dial on 
the right, A little practice will enable any one to 
read meter dials correctly, 
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As a general rule meters are supplied and kept in 
order by supply companies for a fixed annual charge, 
and in cases of dispute they can be tested either by 
the engineers of the supply companies or b^'- some 
independent authority. In London the London 
County Council have a meter-testing laboratory, and 
any meters can be tested by them for a small fee. 
In the appendix to this volume their regulations and 
scale of charges for testing are given. If a con- 
sumer doubts the accuracy of his meter and sends 
it to be tested, it is usual for him to pay the testing 
fee if the meter is proved to be accurate within 5%, 
but for the company to pay if the error exceeds 5%. 
In cases where the error is more than 6% an allow- 
ance is usually arrived at between the parties to 
compensate for the inaccuracy of the meter. 
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Appendix 

REGULATIONS OF INSURANCE AND ELEC- 
TRIC SUPPLY COMPANIES. 



OWING to the rapid growth of electric supply 
under takings J and the dangers inherent in 
installations badly arranged, fire insurance officers 
issue regulations that must be complied with before 
the fire risk is taken over. The regulations of the 
different companies are made out on similar lines, 
and the best and most comprehensive are those 
issued by the Phoenix Fire Office. The rules of 
this company are given later in this chapter in 
foUj and should be carefully studied, as any in- 
stallation completed on the lines given in them 
cannot fail to be a success,^ 

The various supply companies also issue rules 
that must be observed before the connections to the 
mains are made. The rules in these cases refer 
more especially to the insulation tests required. 
As an example of the rules of a supply company 
those of the Westminster Electric Supply Corpora- 
tion are given here. 

In Institution of Electrical Engineers has also 

1 Mr. Musgriive Heapby has kmdly cansented to the publication ol 
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issued a series of rules embodying all that is best 
in the latest modern practice, and these rules touch 
on debatable points, such as the current density 
allowable in the smaller conductors and the fixing 
of cut-outs in ceiling roses, etc. Most of the points 
mentioned in these rules have already been dis- 
cussed, but for purposes of reference they, too, are 
given here in full. With these rules are embodied 
extracts from the Board of Trade Regulations 
and Home Office rules for Mines. 



THE PHCENIX FIRE OFFICE RULES FOR 
ELECTRIC LIGHT INSTALLATIONS AND 
ELECTRICAL POWER, COOKING, HEAT- 
ING INSTALLATIONS, ETC. 

An excellent method of arranging an Incandescent 
Electric Light Installation is for the electrical mains 
after leaving the main switches and cut-outs (or cut- 
out) to be brought to an incombustible switch-board, 
split between the poles. The board should have 
" Bus Bars" in front, to which the mains should be 
attached, and 2-wire circuits should be taken from 
these bus bars, each circuit having a switch and a 
cut-out on the board for each condtcctor. If the circuits 
be large, they should be taken again to smaller boards 
of similar make and design to the above, and from these 
small 2-wire circuits not carrying more than 6 amperes 
when the electro-motive force of the current is 100 
volts, nor more than 2 J amperes if the electro-motive 
force of the current is 200 volts, should be taken with a 
single switch ^ and double cut-outs on the board to 
each. When the circuits that leave the main board 

1 If the con3um3r desires still further security he might have 
two switches placed up instead of one. 
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are small, a single switch and double cut-outs for each 
circuit can be used, unless in certain epecial risks or 
cases* 



CONBrCTORS. 

Kul© No. L "Wliere practicable, all conductors in 
a buiMing should be so placed as to be easily acceseiblB, 
and capable of being thoroughly inspected whenever 
required. 

Conductors should not be run out of sight, such as 
between floors and ceilings, ineide roofs, behind skirt* 
ing boards, wainscoting^ etc., U it can be avoided. No 
conductors to be run inside the roof of a theatre or 
other hazardous risk without ijermission. 

No conductors to be placed where they or their 
insulatton would be exposed to injury of any kind, 
either niechanieal or otherwise, nor wliere they would 
be subjected to a ten^tperature that might aflEect the 
insulation, nor where tliey or tlieir insulation might 
be liable to be injimously affected. 

All conductors should be of copper and their cross 
sectional areas must be such that at least double the 
tnftximuni current to be carried by them could be 
safely used continuously. 

By safety is meant that there shall be no perceptible 
heating of the conductors to the touch ; and when 
proportioiung the sizes of conductors, the possibility 
also of their sectional areas getting diminished by 
corrosion, mechanical injury, etc,, as time goes on, 
must never be forgotten ; the importance of taking 
this into account cannot be over-rated. 

The conductivity of the copper must not be below 
100 per cent, of that of pure copper (Matthiessen's 
Standard )» 

The quantity of current sent througli a copper 

conductor ftiusi not exceed the ratio of 1,000 amperes 

per cross sectional square inch, provided the amount 

passing through the said conductor does not exceed 
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100 amperes ; shoiild the amount of current exceed 100 
amperes, the ratio of course must be less. 

The ratio will vary according to the quantity of current 
beyond the above-mentioned amount sent through a conductor. 

Should conductors be exposed to an external temperature 
of over 100 degrees Fahr. then the ratio of current per cross 
sectional square inch of copper must be below that above 
mentioned. The ratio will depend upon the temperature and 
the amoiuit of current to be carried. 

In proportioning the sizes of the conductors, 
incandescent lamps must not be considered less than 
16 candle-power each, unless special permission to 
the contrary be given. 

All conductors of a larger sectional area than No. 
16 S. W. G. to be composed of strands. No conductor 
of less size than No. 18 S. W. G. should be used except 
in fittings, and in these no conductor should be less 
than No. 20 S. W. G. 

It is as well to arrange the work, when it can conveniently 
be done, so that not more than 100 amperes pass down any 
single conductor. 

The use of copper is not obligatory in all ccises, but permission 
must be first obtained if any other metal be used for wiring 
purposes. 

When insulated copper is used the copper should be double 
** tinned " or otherwise protected from the possibility of any 
injurious action upon it from the insulation. 

No. 2. No naked conductor, or conductors, 
allowed in a building. 

Unless in those cases for which special permission has been 
obtained to use naked conductors. 



Insulation of 
Conductors. 



No. 3. 



Insulation of Conductors. 
All conductors (except those for certain 



special risks or places) must be highly insulated with 
very substantial coats of india-rubber of the highest 
quality, which must he specially prepared to last, and 
which must be of approved thicknesses [or other 
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specially approved equally good material that will not 
too readily become plastic or brittle, tliat Is imperviou^i 
to moisture, and of lasting quality, and to use which 
s'pecml pemiissiQn in writing has been obtained from 
the Technical Advisor of tlie Fire Office]. With 
regard to the coats of india-rubber, the outer ones 
must be of vulcanizing india-rubber, but tlie ones 
next the metallic conductor must be of pure india- 
rubber (unless permission to the contrary be given), 
and the whole taped and properly vulcanized together^ 
and the insulation should be ftutlier protected by 
strong and durable coverings such as braided liemp, 
and the like, which should also be so treated as to be 
impervious to moisture. The insulation should be as 
xminflammable as practicable, regard of coiirse being 
had that neither its efficacy nor its durability is in 
any way diminished thereby ; and the insulation 
must contain no ingredient that would injuriously affect 
the metallic conductor it insulates, unless efficient 
f^afeguards have been taken to protect the metallic 
conductor from any possibility of such injury* 

The insulation on a conductor must be in tho form 
of a homogeneous tube, and it is desirable that the 
india-rubber composing the tube be as thick as possible. 

No material or materials will be allowed to be used 
under any circumstances for the i:iuqjose of insulation, 
except those that are approved by the Technical 
Adviser of the Fire Office, The composition, quality^ 
thickness, make and resistance of the insulation of all 
conductors must be to his entire satisfaction. 

When the conditions of any Kisk or place are such 
that india-rubber or any other approved insulation 
could not be safely used, notice must be sent to the 
Fire Office for their consideration and decision, before 
any work is comn:ienced» 

Nothing Ij^ stfltfxl above as to the rc^btaiice r<>quired in the rnauIntioQ 

injAulutiuiL oE tfotiflut-'tiipa before bemg placed up in a building ; RcfiUtjinrG ct 

BO many causes having occurred of msulatlon thai has ^iven Ctao^^ctora. 
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extremely high results so far as tests are concerned before being 
placed up, breaking down after having been in use for a short 
time. What really is required is an insulation that will last, 
even though its resistance may not have been originally so 
very high. It may be mentioned however that, for electrical 
installations in which the pressure is not above 250 volts, the 
insulation resistance of conductors before being placed up 
should not be less than 600 megohms per mile in dry places and 
2,000 megohms per mile in damp places. The tests must be 
taken with an electro-motive force of not less than 600 volts 
after the cables have been immersed in water at 60 degrees 
Fahr. for 24 hours, and with one minute's electrification. When 
the pressure is above 250 volts the insulation resistance of the 
conductors before being placed up should not be less than 
2,000 megohms per mile. 

Enclosing ob Encasing op Conductors. 

No. 4. In non-hazardous risks the conductors 
having been thoroughly well insulated, as described 
under Rule 3, should (except flexible twin wires) be 
enclosed in iron or other approved welded or solid 
drawn metal tubes, or in other approved fireproof 
tubes ; or in substantial wood casing (unless wood 
casing be objected to by the Fire Office). 

No tube, nor arrangement of tubes will be allowed, 
that is not approved by the Technical Adviser of the 
Fire Office. No tube will be allowed of any material 
that does not meet with his approval. 

(It may be mentioned that no soft metal tubes, nor metal 
tubes that could easily be melted are allowed ; nor wires sheathed 
with soft or easily melted metal for protection in lieu of approved 
metal tubes. Except when the circumstances are such that 
the Technical Adviser to the Fire Office considers their use 
desirable, or necessary.) 

Metal tubes must be firmly fixed or supported 
They must be kept at a perfectly safe distance from all 
gas pipes, and bell and telephone wires, etc., and from 
all metal work not forming part of the installation. 

All iron or steel tubes should be soUd drawn, or 
welded, and their joints thoroughly well screwed — 
jnetal to metal. They must be bushed where necessfiuy 
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to be carUied. 



Wood tsBingi. 



All metal tubes should bo of substantial thickness ; 
they must be provided with proper metal junction 
boxes. 

No metal tube to contaiii an open seam- 
Metal tubes must be bo arranged and laid, that 
moisture eould not lodge or get inside them, nor be 
able to injuriously affect the conductors they contain. 
Several conductors (when forming part of the same 
system of Itgliting) may be plac;od in a single iron 
tube, except when not considered desirable by the 
Fire Office. 

When alternating currents are used, conduet-ora 
must not be placed separately in metal tubes. 

When a system of metal tubes is employed, the afL-tal tub<js 
metal tubes and boxes must be properly earthed (except 
where earthing in any special instance is objected to or 
considered undesirable hy the Fire Office). The tubes 
should he electrically and mechanically continuous, 

Wlien wood casing is used, the casing must be 
composed of sound, hard, weU-seat^oned wood. The 
conducts* fs must be kept apart hy a continuous fillet 
or width of wood, which ishould be at Icat^t 1 inch in 
breadth in the case of the mains and principal branches, 
and I inch in breadth in that of the sn:ialler circuits 
or branches. The covers of the casing should be 
substantial and screwed on, tliey should be screw^ed 
at the sides ; the covens for large casingfi should be 
screwed at the centre as w^ell as at the sides. Brajss 
screws should be used. 

Wood casings should be used for surface work only, 
they must not be hidden away (unlci^s permission 
to do so has been previously obtained from the 
Technical Adviser of the Fire Office.) 

Wood casings must be most firmly fixed, and tho 
mitreing nioet carefully done. 

The int?ide of the casings must contain no sharp 
angles along the path of the conductors, all corners 
must be rounded. 
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Wood casings 
and wiriDg 
joints. 



Unenclosed 
Conductors. 



Conductors 
exDosed to 
external 
injury. 



Conductors in 

Hazardous 

Rislcs. 



Wood casings must not be employed when the 
pressure of current used exceeds 250 volts. 

There must be no crossing of wires in wood casings. 

No wiring joints should be in wood c£bsings without 
permission. When allowed they should not if possible 
be inunediately opposite each other, but as far apart 
as cfiui conveniently be arranged. 

In no instance are conductors to be run unenclosed, 
unless special permission to do so h€ks been given by the 
Fire Office. 

When permission has been obtained to run con- 
ductors unenclosed, then the conductor should be kept 
at least 4 inches horizontally apart, and no conductor 
should be less than 4 inches from any conducting 
substance, unless special precautions against contcw^t 
have been taken. The conductors must be in secure 
positions, not liable to injury, rigidly f£bstened to 
approved porcelain or earthenware insulators, and 
kept at least 4 inches from the wall or material to which 
the insulators are fixed. When the electro-motive 
force exceeds 250 volts, the distance the conductors 
should be kept apart from eetch other and from con- 
ducting substances will depend upon the pressure 
of the current, and the siurounding circumstances, 
and be decided £bs each case arises. 

In no case should the supports for any conductor 
be so far apart that if the conductor broke either end 
could refiich the floor or ground below. 

When external injury is possible conductors must be 
enclosed and protected in a manner that will absolutelv 
prevent any injury ckjcruing to them or their insula- 
tion. 

In hazardous risks all conductors should be very 
highly insulated and enclosed in iron, steel, or other 
approved metal tubes as previously described ; or 
when not objected to by the Fire Office, laid in sound, 
hard, well-seasoned wood casing, which heis been 
thoroughly well treated with an approved fireproof 
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paint or compound, or laid in approved fireproof 
wood casings i the casings nniwt not be hidden (unleaa 
permisi^ion imR been previously obtained from the 
Technical Adviser to the Fire Office to do i^o). 

Or such other precautions may be required tliat 
may bo considered requisite liaving regard to the 
circumstances of the risk. 

For central stations » theatres, mills, and other very 
hazardous risks, see Rule No* 36. 

In all rijisks, if the electric pressure of the current S|>eciai Pa- 
used is above that of 250 volts, special preeautions pautionB ma>- 
other than those above stated, and varying according cLrrcmt is 
to the electro -motive force employed and the sur- voiS^praaaare. 
rounding conditions, may be required, if considered 
necessary, 

Wlien the current is of very high pressure, then the 
conductors may have to be encased and kept apart 
as described in Rule No. 26, for the primary con- 
ductors carrying alternating currents to secondary 
geti era tors, or be arranged in such other special 
etmnner as may be decided, Iiaving regard to all the 
circmn stances of the case and the risk. 



Groat care muet be taken with regard to the jointing oi metal 
ttibeB (or pi pee). 

Junction bo3tPB should bo of cni^t-iron, ivhcn pofwiblo* 

No nuti-fiitjproof tube will be allowed witliout iiei-iiiiiiaion,* 

The interiors of nictftl fcubofi might bo lined with an approved 
insulating compcHind, but thift i» not obligiitory iinlPHa roquirod 
by tiie Fire Offlcs. 

The interior^ of metal tub«@^ must bo perfectly smooth, bo 
that when conductoFB are dra.wn in or out their insvdation will 
bu uninjured, 

Tht're must be no " bunching " of poe^itive conductor^ together, 
^r of negative eunduetors together, in wood easing in any 
hazardoua risk without pennif^ion. No *" bunching ^' will bo 
allowed in any place or in any risk that tniiy be deemed unde- 
airaVile by tho Technical Adviser o£ the Fire Oflico, 

It ifl preferable that wond Piiainga in non-haznrdoim riskw bo 
treated with an approved fireproof paint or ootnpoujid, in order 
to render them a4 non-infiammablo as poBsiblo. It ia somo- 
Limea desirable to putty the joints of wood casing^, 
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Cement and 
Putty. 



Conductors 
must not be 
laid in wet 
materials, etc. 

Lamps in 
Series. 



Lamp 
Fittings. 



Care muat be taken to ensure that any cement or putty that 
may be used contains no oil or other ingredient that would be 
injurious to the insulation of the conductors, or -would in any 
way cause the insulation resistance to be lowered. 

Conductors should never be laid in brickwork, concrete, 
cement, plaster or like materials, whilst the same are wet, or 
while they are drying, if there is any liability of the conductors 
or their insulation being injured thereby. 

When lamps are in series, the minimum distance apart of 
any two conductors (or portions of the circuit), must be regu- 
lated by the difference of potential between such conductons* 
(or portions of the circuit). 

The small conductors about lamp fittings cannot always 
comply with Rule No. 4. The work, however, in connection 
with them must be of a thoroughly secure character. 



Flexible 
Twin-Wires. 



Twin wires 
should not be 
used in Risks 
containing 
very 

Inflammable 
materials, etc. 



Flexible Twin- Wires and Cords. 

No. 5. As little flexible twin-wires or cords 
should be used as possible. 

Flexible twin-wires and cords should be kept weU 
away from the vicinity of inflcunmable materials, be 
very carefully protected by cut-outs, their insulation 
should be substantial and protected as much as 
possible against abrasion or injury of any kind. 
Flexible twin-wires should not be in any position 
where they could make an earth, nor must they be 
hidden away. Too much attention cannot be 
bestowed to this. 

Flexible wires or cords must not be knotted either 
inside a ceiling rose or elsewhere. 

No more than one pair of flexible wires should 
be attached to a ceiling rose, wall plug, etc. 

Flexible twin-wires should not be used for wiring 
electroliers or fittings. 

Twin flexible wires (or cords) should not be used in 
mills, factories or other hazardous risks containing 
very inflanunable materials, especially if the materials 
be immediately under the lights. It is far preferable 
in these circumstances that fixed lights only be used. 

No flexible twin- wires or cords to be used when the 
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pressure of current is above 2G<^ volts without per- 
mission. 

All twin-vdres and cordss, and the poBitions in 
Tvhicli they are jilaeed, ?nuat be to the satisfaction 
of the Teehnical Adviser of the Fire Office* 

No flexible twin -wires or cords to be placed out of 
sight, such as between floors and eeiUnga, inside 
walls, etc, 

Twin-wirea and cords aro not allowed in certain riakfl without 
pRrmia^ion, 

Frequent examLnatloiiLa of twin -wires and cordis ahotild ba 
made. 

The influlsition rerti»tancp of twin-w ireft or cordu before being 
placed up shuuld not be leaa than 3:00 megohms per mil©. 

RiDBEN Conductors, 

No, 6. If conductors have to pass between floors Hidden Con- 
and ceilings, inside roofs, behind wainscoting, or 'liictPts. 
otherwise out of sight in buildings, they should (unless 
permission has been obtained to the contrarj") be 
enclosed in approv-ed metal or other iireproof tubes, 
except the circunistanees be such that metal tubes 
would not be desirable. Under some circiunstances 
the precautions with regard to hidden work require 
to be very speciaL 

No conductor carrying a current of over 250 volts 
to be laid out of sights between floors and ceilings, be- 
liind wainscoting, etc,, without permission. 

Conductors Exposed to Moisttjbe, etc., 
Untinished Buildinos, ktc. 

No. 7. All conductors liable to dan;ip or moisture condiictora 
in a building must not only have thoroughly water- ^ilbtuil*" 
proof insulation^ but the greatest care must be taken Damp, ett?, 
that they are also enclosed in such a secure manner 
that it would be impossible for moisture to get to or 
affect tliem. The enclosing material should be com- 
pletely waterproof, of lasting character, and fireproof. 
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Ck>nductor8 
ia unflnished 
buildings, etc. 



Work inside 
roofs. 



Conductors 
not to be 
placed under 
Water Pipes, 
etc. 



Too much care cannot be taken with regard to this 
matter. 

When any electric work ia being placed in buildings 
during course of construction, or before the buildings 
are " dry,*' the utmost care must be taken to protect 
it against any injurious €U5tion it might be subjected 
to, either from damp or other cause ; from neglect of 
taking these precautions great trouble has arisen in 
installations ; conductors, joints, insulation, wood 
casing, etc., having been quickly eaten away or 
destroyed. Wood casings must not be used in floors 
or walls, etc., or in any place where they might be 
affected by damp or moisture given off by the building. 
All work in a building, such €ks above described, should 
be " special.'* An electrical contractor should never 
be required to pl€ice up work in a building if it be not 
sufficiently " dry.** 

Wood C€ising must not be laid inside any roof ; 
approved metal or other fireproof tubes should be used, 
and in such a manner that moisture could not get 
inside. 

Electric work must not be plciced underneath water 
pipes, cisterns, pavement gratings, or pavement lights, 
or in any place where moisture could get to any 
part, unless special precautions have been taken to 
thoroughly protect it against the same. 



External 
Conductors. 



Conductors Attached Externally to Buildings. 

No. 8. Conductors attached externally to a 
building must, unless permission to the contrary be 
given, be insulated, and the insulation must be of a 
waterproof and durable char€icter, calculated to resist 
deterioration from atmospheric influences. 

When conductors run along the outside of brick 
or stone walls of a building and are not enclosed in iron 
tubes, they should be fastened to approved porcelain 
or earthenware insulators, and kept well away from 
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the walls, and from eacli other, and at hucIi a safe 
distance from any woodwork or combustible mat^^rial 
that if the conductors were to firf*, there would be no 
possibility of the woodwork or building being affected* 
The supporting in^sulatons should be sufficiently close 
to each othcsr for the conductors to be run rigitlly, 
and so prevent undue swaying under the action of 
winds and storms. 

Conductors must not run alone the walls of wooden Must not rcu 

1. -1 J' '^1 J. ■ - aloiiK Walk 

buddings without permission. of Wood 

The insulation, fixing, general arrangement, safe- **"^Wlng3. 

guards^ etc., of all external conductors attached to 

buildinipfs must be to the sa isf action of the Technical 

Adviisier of the Fire Office. 

Overhead conductors supported by poles on roofs ^^'^^^*''.^** 

will be considered as being attached to those buildings 

on which the poles are situated, 

External conductors must, where necessary, bo 

protected by lightning dischargers in accordance with 

Rule No. M. 



Conductors 

throii||;h 
Exterior 
WiOla. 



CoNDucrroRS Passikg thkough Exterior WAtLS. 

No. 9. All conductors passing through the 
exterior w^alls of buildings must be insidated and 
enclosed in separate earthenware or approved metal 
tubes {excej^t when alternating current used), or laid 
in an approved fireproof cement not injurious to the 
insulation. 

The arrj*Qgomeiit mu^t be auch as tiot only to pre vent moisturo 
ent-cring, but iilso iw fa? aa possible fire ppnetrfiting from the 
outsldfi by niimiTig ^long the ccmthictom. 

Cotiductors mxiJt n^vor enter & building through the rooi. 

CoKDUcfTOBS. Party Wai*ls. Lifts. 

No* 10. Conductors must never pass thmtigh Cotiduetora 

party walls separating two rL-^ka, unless permission umfuj^h^lrty 

to do so has been given; and when this has been i^jjj*^,t 

obtained, provision must be made to the Eati&faction penuisaioa. 
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No Electric 
Work to be on 
or in Wood 
Lifts. 



of the Fire Office with the object of preventing fire 
being communicated from one risk to the other by 
means of the conductors. 

No electrical work of any kind to be plciced on the 
walls of lifts when of woodwork. 

No electric work to be carried up wood lifts. When 
conductors pass up brick or stone lifts, special pre- 
cautions may in some cases be required. 



Joints. 



Insulation of 
Joints. 



C&TTying 
Capacity of 
Joints, etc. 



Surface. 



Resin to be 
used when 
Soldering, etc. 



No Joint to be 
exposed to 
Moisture. 



Conductors. Joints, Fastenings, etc. 

No. 11. There should be as few joints in con- 
ductors £bs possible. It is far preferable that there 
be none at all. Joints should not be plsrced in wood 
casings without permission. All joints must be most 
carefully made, soldered and insulated. The insula- 
tion of joints must be as perfect aa possible, of a l£bsting 
char€icter and waterproof ; special care must be taken 
to guard against moisture getting to the joints. 

Joints should be highly insulated with layers of 
rubber strip with rubber solution between, and then 
layers of prepared binding tape with rubber solution 
between, and when possible, a vulcanized rubber 
sleeve drawn over the whole. 

Under certain circumstances the insulation of 
joints should be vulcanized. 

A joint should have a greater carrying caparcity 
than similar lengths of either of the conductors it 
unites. 

The surf€ice of a joint should be smooth after 
soldering, and have no projecting points that might 
tend to pierce the insulation. 

Resin should be used when soldering. Great care 
must be used when soldering that the solder catches 
everywhere, and that no resin is left in the interstices 
between the wires. 

No joints should be placed in situations where there 
would be a liability of moisture getting to them. 
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Safe 
Conneotions. 



Where conductors are run in metal tubes metal gJxe^and 
junction boxes should be provided for joints. Joints. 

All conductors carrying over 6 amperes at 100 Thimbles. 
volts pressure should be sweated into thimbles when 
connected to switches, cut-outs, distributing boards, 
etc. ; the work must be carefully done and finished off* 

Bare connections must be so mounted and situated 
that no danger could arise in the event of their heating. 
They must be so mounted that leakage of electricity 
from them could not take place. All connections 
must be as perfect as possible. 

The ffikstenings of conductors must be composed of p**^®^*2f ^ ®^ 
approved non-conducting material. When metal 
staples are allowed to be used, a piece of india-rubber, 
or other approved insulating material, should be 
inserted between the head of the staple and the 
insulation of the conductor. Metal staples ought 
not if possible to be used, saddles or cleats of an 
approved insulating material being preferable. 



CUT-OUTS. 

No. 12. All conductors must be protected by Cut-outs, 
cut-outs (except in those cases and places where cut- 
outs would not be considered desirable by the Fire 
Office). 

Wherever a branch is led off any conductor to supply 
current for incandescent lamps, or for any other 
purpose, a short length, of lead, tin, or other approved 
fusible metal or substance, must be inserted at the 
junction of the branch with the conductor ; and the 
lead, tin, or other fusible metal or substance, must be 
of such section, length and nature, that if the current 
passing through it exceeds the normal current by 
50 per cent., then it will fuse and disconnect the 
branch. In those circumstances where it is con- 
veniently pr€U5ticable to have cut-outs that will 
fuse at a less excess above the normal than 50 
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Definition 
of Branch. 



Length of 
Brealc of 
Cut-outs. 



per cent, they must be placed in. All cut-outs 
should be proportioned to fuse at as small an 
excess above the normal current as is compatible 
with the proper and efficient working of the lights, 
and be enclosed in approved fireproof boxes, when not 
placed upon enclosed incombustible distribution boards. 
Porcelain, earthenware, or iron boxes (in some instances 
lined inside with a fireproof insulating material) are 
preferable to use. Cut-out boxes must be of an 
approved type. 

When the maximum amount of current carried by 
a branch or small circuit does not exceed 4 to 5 amperes, 
and the pressure of current is not above 100 volts, 
and this branch or small circuit is provided with a 
" cut-out " on each pole, then the Technical Adviser 
of the Fire Office may give permission (unless he 
considers it unadvisable) for no other " cut-outs " to 
be used between those above-mentioned and the 
lights. (And the same will apply when the current 
carried does not exceed 2 amperes at a pressure of 
250 volts). 

By " branch " is meant any conductor issuing from 
another of great sectional area. 

If any conductor, by re-uniting with any conductor, 
or by any other arrangement, becomes technically 
part of the main, it may still be considered €is a branch 
if its sectional area is less than the conductor it issues 
from, and will require to be protected as such. 

Cut-outs should not have less than a clear inch 
break for currents up to 100 volts pressure, nor less 
than one-and-a-half inches for currents of from 100 
to 200 volts, nor less than two inches for ciurrents of 
from 200 to 250 volts ; the break mvst he of such a length 
and 80 arranged that an arc could not he sustained 
between the terminals of the cut-out. The quantity 
of current passing, as well as its electro-motii^e force, 
must also he taken into consideration when determining 
the length of break of the cut-out, 
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The letij^Lh of break foe cut-outfl when over 250 voUh iir© 
Ufl(?d will depend upnn tho eloctriciil meamirti employ c?d iind» 
of outira^?, the quiintity of current that ia to p&aa Uirou^h tho 
cut-oute. 

All Tjrincipal branchea, and branchea haviricf a Cut-owts 
. , , , , * ,/ , , „ . . ^ to be on both 

considerable number of liglits, and all circuits from poles nf 

distribution boards mu«t ha vfi cut-out^ on both pnlca. cireuiu? *°** 
Small branehea, taken off conductors of much larger site, 
and the branches supplying current to fittings contain- 
ing several %hti3, should have cut-outa on both poleii. 

When the preanurt; of uurrt^nt Ih 100 volts, no brnncli carry ing 
4 ampAros or upwards should be without cut -oil ta on both 
poles. 

All *' cut-out3," including the materials of wliich AU cut^iuta 

they are composed, and tlie positions in which they approvei by 

are placed, must meet the approval of the Technical ^^^^ Oiflcj. 
Advii^er of the Fire Office ; many causes having occurred 
of *' cut-outs^' failing to act when rcc|uired, and even, 

BO me times, themselves being tlie cause of a fire : thev ,, ^ 

i t i 1 ,* * H 1 ^ f'Uts-qutS 

must never be placed under iioora, inside rooi?i or nt^t to ba 

behind waincoting, or skirting-boards, or in wood ^'^^^° ^^^^^ 

cupboards, etc., urdess S'pedal permission to do so be 

given by him and the safeguards adopted are to 

his satisfaction. All cut-outa must be so arranged 

and moimted tliat no fire or danger covdd arise in tho 

event of thtnr Vieatir^g, or fusing, or arcing. 

The main conductors, both positive and negative, cut-onta 
must have their cut-outs placed as near the dynamo duetore. 
(or source of electricity) as pos^iible, or if the current 
ia atippHed from a central station they should be 
at the entrance of the conductors into the premises, 
and the cut-outa, hke thoae of the branches, must be 
proportioned to fuse at as ^imall an oxces^s of current 
above the normal as is practical and compatible with 
the efficient working of the installation. TJie exceaa 
abov^o the normal must not exceed GO |jer cent, without 
permission, 
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Earthed 
SystenL 



Middle 

Conductor 

of a 3- wire 

system. 

Cut-outs 

(General). 



When one main of a system is allowed to be earthed, 
that mcdn is not to have a cut-out unless required 
by the Fire Office, to whom full particulars must be 
sent. 

In a 3- wire system no cut-out is to be plarced on the 
middle conductor unless required by the Fire Office. 

If a branch is already protected by " cut-outa " on the 
mains, or on a superior branch, then it may not be necessary 
to again protect it by other " cut-outs," unless required to do 
so by the Fire Office. 

The Technical Adviser of the Fire Office may give permission, 
under certain circumstances, for a larger proportion of current 
than 50 per cent, above the normal to be carried by a cut-out. 

When lights are grouped, as upon electroliers, etc., care should 
be taken that the last controlling " cut-out " carries as small an 
amount of current as practicable, and that it will act before the 
smallest wire runs any risk of getting unduly heated. 



BCaximum 
Current to be 
carried by 
Ultimate 
Distributing 
Circuits. 



When an incandescent installation is arranged with 
distributing boards, the ultimate distributing circuits 
should carry as small an amount of current as possible 
— not more than from 4 to 5 amperes, if the pressure 
of the current is 100 volts, nor more than 2 amperes 
if the pressure is 250 volts, and be protected bj 
" cut-outs " on both poles. 



Cut-outs, 
Arc Circuits. 



With regard to arc circuits, or when incandescent lamps are 
arranged in series, the question as to whether fusible " cut- 
outs," or what other kind of " cut-outs " should or should not 
be used, will be decided as each particular case arises ; so much 
depending upon the arrangement of the lights and the system 
of lighting. When arc lights are arranged in parallel, the 
conductors must have '* cut-outs." 



Bfagnetic 
Cut-outs, 
Circuit 
Breakers, etc. 



Should it be desired to use magnetic " cut-outs," or 
any other kind of " cut-outs " or circuit breakers, 
instead of fusible " cut-outs," permission must first 
be obtained. Cases may occur where fusible " cut-oiUs " 
should not le used. 
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Switches. 

No. 13. The main conductors must Jiave switehea 
on both poles ; and tlio same arrangement should 
b© carried out on all the principal branches. The 
arrang€^n,cnt should be such thui the current eati be entirely 
stmtched off from the lights and electricul work in any 
particular poi£^ion of the building the occupier may 
desire. 

The last controlling switch sho^Ud carry as small an 
amount of current as is conveniently practicable ; 
not above 5 ampdres if the pressure is 100 volts, nor 
above 2 amperes if proBSure is 250 volts. 

It shoidd never be forgotten that turning off a 
single switch, although it puts out the hghts, does 
not turn off the electricity, which is still on, and under 
certain circumstance sniight break out and fire the 
place. All the principal portions of a building, 
there for By should be controlled by a swilch on each poh 
of tlte conductors supplying them ivith electricity. 

All switches to be of such construction and mako 
that they will not be liable to get out of order, or 
heat, or fire. Theic construction should also be such 
that it would be impossible for them to remain in any 
intermediate position between full on and off. 

All switchcB ma^t be mounted and placed in such a 
secure manner tliat no fire could arlso in the event of 
their heating or arcing. They must also be so mounted 
that ieakage of electricity from them is prevented. 
Their rubbing surfaces should bo large and their 
break (juick ; the break of the switch must be of 
such length that an arc could not be sustained. 

Switches must alwr^ys have an incombustible base, 
the in&ulation of which should be perfect ; no metal 
work carry hig current should be exposed at the under 
side of the base ; they must have an approved incom- 
buatible cover, when not on an ineomhustible distribu* 
tion board ; the switches should be kept perfectly 
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froe from moisture ; their fastening screws should not 
come into contact with the wall upon which the 
switches are placed, but be separately fixed into an 
insulating block. 



Key Sockets 
or Switch 
Holders. 



No. 



Key Sockets or Switch Holders. 
14. With regard to switches contained in the 



lamp holders (" key sockets*' ), these will be allowed 
only in those places and under those circumstances 
for which permission has been obtained from the 
Technical Adviser of the Fire Office. 



Main 

Cut-onts and 
Switches 
must be at 
points of 
entrance of 
Conductors. 



A Cut-ont and 
Switch to be 
on each Mala 
in a Dynamo 
Room. 



Tenants* 
Switches. 



Main Switches, etc. Tenants* Switches. 

No. 15. Every conductor must have a cut-out and 
switch placed on it at its point of entrance into a 
building when the current is generated externally ; and 
the conductors for this purpose must be brought into 
the building in as perfectly secure a manner €is pos- 
sible to a suitable place for fixing up these cut-outs and 
switches in thoroughly secure and accessible position. 
The switches must be so arranged that they always 
act together — that is, one cannot be turned on or off 
without the other. 

When the source of supply is internal, then a cut- 
out and a switch should be placed in the dynamo- 
room on each conductor from the dynamo or dynamos, 
unless, in the opinion of the Technical Adviser of the 
Fire Office, these cut-outs or switches might be 
dispensed with. 

If, however, a 3-wire system is employed, no "cut-out** is 
to be on the middle conductor, as stated in Rule No. 12, unless 
required by the Fire Office. 

When a building is in the occupancy of various 
tenants, each tenant must have a cut-out and a 
switch on each pole of his service conductors, and so 
placed as to enable the current to be entirely cut off 
from the branch that supplies this tenancy. The 
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conductors must be brought in in a perfectly secure 

manner for the safe placing up of these switches and 

cut-outs. 

A cellar may be considered as a building or part of A Cellar may 

,., ,. - r> •-/••''i 'Ay be considered 

a buildmg from a fire point of view, unless m the as a Building 

opinion of the Fire Office there are circumstances Building!* 

that would not warrant this. 



Switch Boards and Distribution Boards. 

No. 16. Switch boards and distribution boards |^*** , 

, , _ , ,1. , . ^ „ Boards and 

should be composed of a non-conducting fireproof Distribution 

material. They must be fixed in dry and secure contraction 
places and be most carefully moimted ; the arrange- and arrange- 
ment of the work in connection with them, especially 
at the back, should be such that if a fire broke out 
at the board, the fire would have difficulty in spreading. 
The wall behind the boards should be incombustible, 
and the work at the back of the boards e€wy of access. 

The boards must not be placed on match-boarding, caution as to 
nor on wood walls — especially of Hfts — ^nor on wood Po*^*^^*^- 
fittings, etc. 

The boards should be " split," i.e., the positive construction 
portion separated from the negative part ; the con- ment^ete*^*^ 
ductors should be brought to metal " bus " bars upon 
them, from which circuits should be taken, each 
circuit having a cut-out and a switch on each pole, 
except small circuits, which could have a single 
switch on one pole, but a cut-out on both poles. 
The conductors should be sweated into thimbles. 
The nuts on screw fastenings should be locked. 

The " bus " bars, switches, cut-outs, instruments, 
etc., must all be on the face of the board, and not 
behind. The conductors at the back should be most 
carefully arranged and opposite poles kept well apart 
as far as possible. 

The switch boards and distribution boards should 
have an incombustible case with glass front, but 
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teak, oak or mahogany cases with glass fronts, are 
allowed except under certain circumstances. Main 
switch boards in certain instances will not come under 
this regulation. 

Wood cases must be lined inside with approved 
incombustible material when required by the Fire 
Office. 

In large installations and in hazardous risks, the 
main switch board and its surroundings should 
not only be incombustible, but there should be suffi- 
cient space at the back of the main board to enable 
a man to comfortably get behind and attend to any 
matter, unless in the opinion of the Technical Adviser 
of the Fire Office such precautions are not necessary. 

In certain special risks the switch boards may have to be 
enclosed in iron cases. 



Resistances, 
Choking 
Coils, etc. 
to be very 
securely 
mounted and 
placed. 



Resistances 
should be in 
anoroved 
Metal Boxes 
and on Brick 
or Stone 
Walls. 



Resistance 
Bo^^es. 



Resistances. Choking Coils. 

No. 17. All resistances, choking coils, etc., must 
be mounted and placed so securely that no daiiger 
could arise in the event of their heating. They 
must be so mounted that leakage of electricity from 
them cannot take pla^e. 

Resistances must be securely mounted upon 
approved incombustible material, and placed in 
very secure positions, well away from all combustible 
materials ; they must be enclosed in approved metal 
or other approved fireproof cases or boxes but insulated 
therefrom, and fixed to brick or stone walls by porce- 
lain or earthenware insulators, unless permission to the 
contrary be given. Many fires have been caused by 
resistances, and it is impossible to over-rate the 
importance of their being securely mounted and 
situated. The arrangement should be such that if 
they got red-hot, no damage from fire would result. 

Upon the outside of the metal box containing the 
resistances there should be a legible statement giving 
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the maximum temperature the resistancei^ are to 
attain ; and the arrangement and ©Lse of the box should 
he aueli that it^^ temperature would be but very 
alightly raised when the resistances are at their 
nmxhniun temperature. 

Care must betaken that dust or fly^ ett\, would not 
be able to get to or accumulate about tlie resistances. 

Choking coils should be treated as resistaneea. choking coita. 



Incaitdescent Lamps. 

Xo. 18. An incaodescent lamp as referred to in 
these rules, and for which permission to uRe is giv^en, 
signifies an exhausted and hermetically sealed glass 
bulb containing a filament of earbon (or other suitable 
substance) connected with the exterior of the bulb 
by connecting wires, for conveying electricity to the 
filament to render it incandescent. 

All combustible materials must be kept at a per- 
fectly safe distance from incandescent lamps. In- 
candescent lamjjs have sometimes got exceedhigly 
hot, and been the cause of Bre^, Incandescent 
lamps must be ao mounted and placed that no danger 
would result in tlie event of their heating. 

Incandescent lamps, when so situated that in- 
flammable du^t or fly could settle on them, or moisture 
get to thern, sliould be securely enclosed again in 
proper protecting globes. The holder should be 
enclosed also. 

Incandescent lamps in shop windows should be fixed 
ones, and kept well away from combustible goods and 
materials, or other goods or n^aterials that nuglit be 
damaged by heat. The lamps should be so placed, 
or the arrangement Buch, that combustible goods or 
materials could not come into contact with them. 

Efficient protetrting guards should be placed over 
incandescent lamps when so situated that combustible 
materials might come into contact with them, 
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When placing incandescent lamps in the holders 
care should be taken that they fit properly and make 
good contact, or heating may arise. 

When in any hazcirdous risk it is desired to use 
incandescent lamps of above 50 candle-power each, 
permission should first be obtained. 

IncEuidescent lamps should have the voltage and candle 
power indelibly marked on them. 



Lamp Holders. 
Construction, 
etc. 



Caps. 



Shades should 
be incombus- 
tible. 

Celluloid, etc., 
not allowed. 



Ceiling Roses. 
Construction, 
Fixing, etc. 



Cut-outs in 
Ceiling Eoses. 



Lamp Holders, Caps, Shades. Ceiling Roses. 
Wall and Floor Sockets 

No. 19. All lamp holders must be incombustible, 
and of an approved type ; their terminals must be 
separated by an approved insulating bridge. It is 
sometimes preferable to solder the ends of flexible 
wires, when composed of fine strands, before attaching 
them to the holders. 

All lamps caps should be able to stand 100 per cent, 
more press\u:e of current between the two contained 
terminals, or between either terminal and the collar, 
than will be employed in the lamps. 

All lamp shades should be incombustible. 

No combustible shade to be in contact with an in- 
candescent lamp, but must be well away. 

No shade made of celluloid or analogous substance 
allowed, nor of any material objected to by the Fire 
Office. 

All ceiling roses must be of an approved kind ; 
they should be composed of an approved incombustible 
material and most carefully made and fixed. Their 
constuction should be such that no strain can be thrown 
on the pendant wires at their terminals in the roses. 
Ceiling roses should be fastened to back blocks com- 
posed of approved material. 

When the electro-motive force of the current used 
is 200 volts or above, cut-outs will be allowed only in 
those ceiling roses that have been specially designed 
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for the same, and proviovisly approved by the Technical 
Adviser of the Fire Office. 

In certain Kisks ceiKng roses must not contain cutf- 
out«. 

No wall or floor sockets with flexible conductors Wall and 
therefrom will be allowed in any place or in any risk c<m7t.nii5«oa!' 
that the TecJinieal Adviser of tiie Fire Ofllee may n^lns, etc 
consider to be unadvisable* All wall or floor sockets 
must be of an approved kind and composed of an 
approved inc:oTn1>UHtible material, and the greatest 
care niuat be exercised in fixing then>. The flexible 
conductors should be most substantially insulated, 
and the insulation well protected against injury. 

Floor sockets are not allowed, unless pertnission 
to use them has been obtained. They t^hould be 
provided with an approved incombustible lid or cover 
to close over the contact orifices when not in use. 

When portable lamfis arc used witli flexible cords sockets jtaa 
froni wall sockets, the particular circuit supplying LampB,^ 
the current to the sockets should carry as small a 
quantity of current as possible, and be provided 
with double cut-outs and double switches, A cut- 
out may be required for each socket under certain 
circumstances. 

iMTTATlOSr CA^TDLES, 

Xo. 20, Imitation candles must be incombustible JJ"'*^*'*'" 
and of approved construction. 

Abc Lights. 

No. 21. An arc light as referred to in these Rules Are LigKka. 
signifies one in which the light is j> reduced by the 
passage of electrical current across a gap between two 
conductors. 

If arc lights are need, they must bo completely 
enclosed in approved porcelain or glass globes. 
The globe should have a metal plate at the base, 
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(itia this. 



and any necessary arrangement for ventilation at 
the top must be so constructed that no sparks or 
flame could eaicape ; t}ie globe sliould be s^ubstantial 
BO aw not to readily break if a carbon fell or burst. 
The globes must be covered round with wire netting, 
unless permission to the contrary be given, and 
they must be at a safe distance from all eotnl>iif?tlbie 
materials. The reaiatances must be apart from the 
lamps, 

No naked arc lights allowed without special per- 
mission. 

Arc lamps must never bo supported by their con^ 
ductors eitlier wholly or in part. Arc lamps must be 
thoroughly well insulated from their supports. 

WTien arc lights are run in series, means must be 
taken for maintaining the constancy of the current, 
whate%'(T number of lamps may be burning. 

In cotton mills and certain other mills and hazardous 
risks if arc lamps are allowed to be used, they niust^ 
unless of inverted type, have two globes, each com- 
pletely and independently surrounding the arc, and 
the lamps should be of such design and make that 
the arc could not be sustained unless the iiuier globe 
remained intact : but in any case the lamps must 
be such that they are dependent for proper action 
upon one of the two globes being intact. Arrange- 
ments sliould be made to guard against the possibility 
of explosion from the gases produced. If, however, 
the arc lamps are of inverted type, they must have 
unbreakable and irremovable reflectors beneath them, 
projecting at least 21 inches beyond the arc on every 
side horizontally, and the arc at all times set below 
the level of the upper edge of the reflector ; or if the 
reflectors do not project 21 inches beyond the are on 
everj' side horizontally, have the are completely sur- 
rounded on all sides, either by a glass globe, or by a 
glass dome, extending from the face or edge of the 
reflector upwards. 
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When arc lights are proposed to be installed inside a ^'^l'^^!**'- 
building, especially if it be a hazardous risk, particulars to be sent. 
of the kind of lamp to be used, including the number 
of amperes it takes, should be sent to the Fire Office. 

When permission to use arc lights in a building is current, 
given, the permission is for arc lights taking not more 
than 12 amperes of current each, unless otherwise 
stated. 

In certain risks arc lights are not allowed. 

Elegtboliebs. 

No. 22. Electroliers must be most carefully and Kiectroliera. 
securely fixed and arranged. The wiring must be of 
a most secure and lasting character, and carefully 
arranged so that it would not be liable to mechanical 
injury. 

All electroliers and fittings niust be composed of 
incombustible materials. 



Gas Work and Electrical Work. 

No. 23. Electrical work must not be situated in e^cJ^c 
confined spaces containing gas pipes without proper Light, 
safeguards. 

Gas fittings and electric light work should be kept Gas fittings 
quite distinct from each other. 

Gas fittings should never be used for the electric 
light unless permission to do so has first been obtained. 
The gas fittings would then have to be made thoroughly 
suitable for the purpose, and so arranged that it would 
be impossible for them to be the means of an "earth" 
setting up. 

The utilization of gas fittings for the electric light 
may be the cause of the entire installation breaking 
down. 



worlc to be 
distinct from 
each other, 
etc. 



The insulation resistance between a gas fitting utilized and 
earth should never get below 2,000,000 ohms. 
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No. 24. Where ace u inula to rs^ or primary batteries 
are u^ed, the mains, both poaitivo mid negative, must 
have a cut-out and switch upon each. The principal 
branch ea must also be protected in a similar nmnner. 
Small conductors takon oft t!ie mains must have cut- 
outs on both poles. Accumulator* and batteries 
muit be situated in a secure and approved place or 
room and wliere there is thoroughly good vent ilrJ ion ; 
t]iey must be tliorowgbly well insulated from earth. 
All work (including wiring) m connection with them 
should be frequently examined. 

The conductors from the regulating cells of the 
accumulators to the regulating switchboard should 
bo protected by ** cut-out i.'' 

All wood casing and conductor's etc., in the 
accumulator or battery room should be coated witli an 
appro\"ed compound tliat will protect them as much 
as possible from the injurious action of acid fumes or 
spray. 

In any battery or at:eumulator room wliere the 
conditions are such that an e3q>losion might occur 
from the gases given off, no light or electric lamp is 
to be useds excejjt those for which special permission 
is given by the Fire OiHce, The elet^tric work in 
Buch rooms must be of special character, 

A full description of any battery intt^nded to be 
used must he sent to the Fire Ofhce — certain kinds 
of batteries are not allowed to be used without 
permission* 

Tho cttrrpnt should be able to h& turned off at the accumu- 
latorji Of ae near aa possible, v^'hen&ver requiiedj and the ^iTia 
appticif^ to primary batteries. 

The lug cpniiectiaiia of d^cumtilatui'H aliould be ijeriodicall^ 
examixiQd^ 
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CoNCENTKic Wiring. 

No. 25. Concentric conductors will be allowed Concentric 

Wiring, 
under those circumstances and in those places for 

which permission has first been obtained and when 
the particular system, design, arrangement and mater- 
ials to be used are approved by the Fire Office. All 
joints and connections must be so made that freedom 
from undue heating would be absolutely secui'ed, and 
the outer conductor must be so securely protected 
that ail danger from injury, corrosion, or other causes 
(electrical or otherwisie) would be effectually pre- 
vented ; the precautions taken must also be such that 
it would be impossible for the conductors to be affected 
by moisture. The whole of the work must be to the 
satisfaction of the Technical Adviser of the Fire Office. 

When the pressure of current does not exceed 250 volts the 
insulation resistance between the internal wire and the return 
of a concentric conductor before being placed up should not be 
loss than 1,000 megohms per mile. 

The internal wire should be positive, if possible. It must be 
insulated to the satisfaction of the Technical Adviser of the Fire 
Office, in accordance with Rule No. 3 ; the insulation must be 
impervious to moisture and of approved thickness. This 
insulation should have two approved metallic envelopes, the 
fh^t one forming the return conductor, the second one forming 
the " guard " ; these, except when the system is earthed, must 
be insulated from each other in the same manner that the 
internal wire and the return are insulated from each other. 
The " guard " must be an absolutely efficient protection against 
mechanical injury taking place to the return conductor, and 
also an efficient protection against any accession of moisture 
to the insulation, especially when the system is earthed. 

The carrying capacity of the conductors must be at least 
equal to the ratio of that laid down for copper in Rule No. 1 ; 
if, however, a metal other than copper be used, the specific 
resistance of which is greater than that of copper, then 
the sectional areas of the conductors must be proportionally 
increased. 

No metal, however, will be allowed to be used for the con- 
ductors or the " guard " that does not meet the approval of 
the Technical Adviser of the Fire Office; the thickness also 
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oE the mi;tiiiLlii! pnvelopaa forming the rettu'n and tho " guard *' 
niunt be to his Baluifii,etic!)n. 

All flwitelio; and eut-out-a must be ef^cloeed in approved fii^- 
proof boxfsflK 

If the eyiteiii Ih to lie earthed, thrn the eatrthing must bo 
pfficiently iind safely done to the aatjpiFac4ion of the Technical 
Adviaei-af the Fire OQlce* An earth connection nniH^t ne\^eif bo 
niado to a gas pipe^ nor &u hydrauhe pipe^ nor to lead or eompo 
pipe.^, etc* ; nor to any other pipe, metal work, etc., the Technical 
Adviser objects to. 

An earthed couceiitpic Bytttato tiiu^t lie concentric tiu-oughout 
(tlmfc ii* an inntahation must not be partly concentric end partly 
not so). 

Switches and cut<outs tiiufit always act on the internal {or 
live) wire when the system is earthed ; but switches and cut* 
outa rnay be reqiiire<-l tm the other wire^ J^hoiild the Teelmical 
Adviser of the Fire OfiStje consider it advisable. H the current 
iadt^fived from i*n outside niource arrangements must be madfi» 
it in his opinion it be deHinible* that both conductors can be 
armiiltaneonsily severed from the outside supply mains whenever 
required. The entire ftrrangement of switches^ and ctit-outa 
must be to his satififaetiuii^ and full partic-ulura iniist be sent for 
hiH iipprovid previous to the work bein^ commenced. 

The ituiulatinn reiiiHtance of tlie work w^lien placed up rausfc 
never tie hpJow that given in RoJe No* 32 for jteneral wiring* 

Wheti the system ih ea^rthed the tet^t bo far as earthing is 
conoemed will of course refer to the pole that is not earthed. 



T^UB- 

fDrmeni and 
High 
PresHurci 
CuzTtsata. 



Position of 
TninHfftrnier* 

Teiuaioa work. 



Transformer Svstem {High Tension But Not 
Exceeding 3,000 Volts). 

No* 26. No high tension work or &et3ondary 
work in connection therewith ie allowed in any vi^k. 
or place that is objeeteHi to by the Fir© Office, 

When transformers are employed , and the alternating 
primary currc^nt is of high electro -motive force^ neither 
the transformer nor any portion of the primary work 
it^ connection therewith sliotild bo placed inside any 
building, but in an approved fireproof chamber 
apart* If thia cannot conveniently be done, then the 
fireproof chamber may he placed in an approved 
position inside the building, preferably against an 
external wall, so that the primary conductors may 
enter direct and not traverse any portion of the 
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building. The fireproof chamber should be of brick 
or stone, and ventilate if possible into the open air. 

The primary conductors must be most heavily 
insulated with specially prepared insulation of the 
highest quality and of lasting nature ; the composition 
thickness and electrical resistance (which must be very 
high) of the insulation must be to the satisfaction of 
the Fire Office ; the insulation must be waterproof, and 
have a very strong external covering. The conductors 
where they enter the transformer chamber (or run 
inside any other building for which permission has 
been given) must be enclosed in approved substantial 
CEisings, which must be waterproof and fireproof, and 
the arrangement must be such that no leakage of 
electricity could take place to earth from either of 
the conductors nor any short circuit from one to the 
other. 

The primary conductors (unless concentric and 
one pole is earthed) must be each furnished with a 
switch, and these must be interlocked ; they must also 
each have a cut-out, which will act at or below 25 
per cent, above the normal current. Should the 
conductors be concentric with one earthed then no 
cut-out is to be placed on the earthed conductor, and 
no switch, unless the Technical Adviser to the Fire 
Office (to whom full particulars must be sent) considers 
it necessary that arrangements be made so that every 
conductor can be simultaneously switched off from 
the outside supply whenever desirable ; the entire 
arrangement of switches, cut-outs, and the whole 
work must be to his satisfaction. The switches and 
cut-outs must be of an absolutely safe kind, and of 
such design and make that an arc in any of them could 
not be sustained ; they should be securely placed at 
the entrance of the primary conductors into the 
fireproof chamber. 

When permission has been given for primary 
conductors to enter a building before reaching the 
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fireproof chamber, then tho cut-outs and switches 
must be enclosed in approved ftreproof boxes, and 
plaeed in acceBsiblo and secure poaitionfi outside the 
building, if pussiblo. If tliey cannot \ye placed outside 
the building, then thoy must be situated in approved 
positions at the entrance of the primary conductors 
into the building. Tlie position of atl switches must 
be such as to bo readily accessible, in order that tlie 
primary current can at once be turned off if required, 
and wutliout any possibility of slioek. 

The whole of the primary work within or upon any 
building should be so situated and arrangf^l that it 
could not he tampered or interfered with by unauthor- 
ized persons, and tlie arrangement should be such, that 
if any portion heated or fired, no damage to the build- 
ing or contents would result. 

Too much attention cannot be bestowed with re- 
gard to the proper placing of all portions of the primary 
work, and rendering it safe and reliable. 

Should it be dosu^d to use concentric conductorsp 

thon samples of the same must bo sent to the Fire 

Omcc lor their approval when applying for permission. 

A transformer should be so constructed tliat it 

would be impossible under any circumstances for the 

primary current to get into the secondary conductors. 

AU secondarj^ work must be protected by an approved 

automatic apparatus (or arrangement) at or near the 

tran^^former, so that in the ovent of the dift'erenco of 

potential between either secondary conductor and 

the earth unduly increasing at any time, the automatic 

apparatus would act and cut off the primary current 

before any danger of fire could arise. 

Unless special permission be obtained, the primarj^ 
current entering a house transformer must never 
exceed 3.U0O volt^. Hhouid the current be generated 
higher than this, and reduced by means of transformers, 
then at each transformer, inter mediate between the 
generator and the house transformer, there must he 
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such an arrangement, or approved automatic appara- 
tus or device, whereby the pressure of the current 
conveyed by the conductors leading from the trans- 
former, in the direction of the house or houses to be 
suppUed with electricity, would be prevented from 
rising, under any circumstances, more than 10 per 
cent, above the normal. That is to say, supposing 
the current is generated at 10,000 volts, and converted 
down to 3,000 volts, then the mains carrying 3,000 
volts could never be charged with electricity of a 
higher pressure than 3,300 volts. 

The secondary conductors must be highly insulated Secondary 
as before described in Rule No. 3 ; and they must be ^^ ' 
furnished with switches and cut-outs on both poles, 
except in the case of small circuits, when a single 
switch and double cut-outs can be used. The whole 
of the work should be of the very highest quality, 
and must be to the satisfaction of the Fire Office. The 
pressure of current in the secondary work must not 
exceed 260 volts without permission. 

When transformers, conductors, primary switches, primary Earthing, 
cut-outs, etc., are enclosed in metal casings or metal boxes, 
etc., the casings or boxes, etc., must be efficiently and safely 
, connected to earth. 

An earthing wire must never be attached to, nor in contact 
with, a gas pipe, nor an hydraulic pipe, nor a lead or compo 
pipe, etc. ; it must be kept at a perfectly safe distance there- 
from ; and also from any other pipe or metal work advisable, 
or considered so by the Fire Office. 

Where the primary conductors enter or leave the switches, QeneraL 
or enter the transformer, and it is not possible to keep them the 
above-mentioned distance apart, then a shorter distance may 
be allowed provided they are protected to the satisfaction of 
the Fire Office. 

Where the secondary conductors pass out of the transformer 
house, they should do so separately, in approved earthenware 
or other fireproof tubes or casings. If, however, metal tubes 
or casings are used and the current is alternating then both 
conductors must be in the same tube or casing. 

When transformers are to be arranged in series, permission 
must first be obtained. The alternation of safeguards necessary 
will be decided as ee^sh particular case arises. 
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" MtTLTiPLE Series" System. 
Ko. 27, Wliea the ** multiple series " system is 
intended to be used in any b till ding special permission 
must first be obtained before any work is eommenoed. 
A full description of tlxe proposed work and safe- 
guards to be ftdoi>ted must be sent. 

Three (or more) Wire SyaTEH* 

No* 28. Three {or more) wires with a pressure 
of over 250 volt^ between the outside ones are not 
allowed in a building, without the sanction of the 
Fire Oflfice. The same of course applies if the three 
or more wires are brought into the premises in the 
form of two or mon^ clretiits. should there be a pressure 
of over 250 volts between way pair of terminals or 
conductors in a building. 

fiy pair is meant anj/ hoo terminals or any two 
conductors in the prenusos ; they need not necessarily 
belong to the same circuit, and juay be far apart. 

If the system has more than three wires tlie electro- 
motive force of the current may have to be considered 
as depending upon the x>articular wires of the series 
brouglit in, and their relation to the outer ones of the 
series. 

When a building is supplied wdth current from a. 
three-wire system, the eleetro-motive force of tlie 
ciu^rent in tlie building may have t-o be considered 
from a fire point of view ecjuivalent to that existing 
between the first and last conductors of the series, 
notwithstanding that two conductors otdy are brought 
into the building. 

Thus in a three-wire system with 100 volts pressure 
between either outer conductor and the central one, 
the eleetro-motive force inside a building may have 
to l:>e considered as equalling 200 volts from a fire 
point of view^. If there be 250 volta between eaeh 
outer conductor and the central one — the electro- 
motive force may have to be considered b^ 500 volts, 
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The main switches on a three- wire system shoiild be Arrongement 
composed of two pairs of interlocked switches so switches. 
arranged that the middle wire is cut twice. (If 
more than three wires be used the same principle 
must be followed — the switches always being in 
interlocked pairs.) 

The three main conductors should be taken to Arrangement 
two separate incombustible distribution boards (the conductors, 
middle conductor dividing for this purpose into two), 
one for each side of the system and, if possible, at 
least ten feet apart, and from these boards the house 
two-wire circuits should be taken. Instead, however, 
of bringing in three main conductors into a building 
from a three-wire system, it is far better to bring 
in two circuits (one from each side of the system) at 
least ten feet apart, to incombustible distribution 
boards. When permLssion has been given to use a 
three- wire system with a pressure of over 126 volts 
between the neutral wire and either outer, no single 
floor should be wired from both sides of the system 
but from one side only. The floors should be wired 
alternately from each side of the system. 

All conductors must be protected by cut-outs with 
the exception of the neutral (or middle) main. 

Three-Phase System. 

No. 29. There must be a switch on each of the Three-Piiase 
three conductors, and the switches should be inter- ^^ ^™' 
locked. There must also be a cut-out on each of the 
three conductors (except when considered unadvisable 
by the Technical Adviser to the Fire Office). 

With regard to a conductor from the neutral point : 
the description of the Three-Phase System and what 
is proposed to be done in a building sent to the Fire 
Office when applying for permission to use the system 
must state whether the neutral point is to be earthed 
in order that the Fire Office may determine the safe- 
guards necessary. 
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Supply Mains (ob Conductors) From a CsNTRAii 
Station and Consumer's Premises. 

No. 30. When electricity is sent from a central 
station, each main or conductor therefrom must have 
a cut-out and switch at its point of entrance into 
the premises supplied with current, and (as stated in 
Rule No. 16) the mains, etc., must be brought into 
the building in as perfectly secure a manner as possible 
to points suitable for placing up these cut-outs and 
switches in thoroughly safe and accessible positions. 
It is impossible to over-rate the importance of taking 
all known precautions with regard to the prevention 
of fire when placing in the supply mains or conductors, 
and coupling them up to the house wiring. The cut- 
outs should act at as small an excess of current above 
the normal current as is compatible with the proper 
and efficient working of the lights — the excess above 
the normal current should never exceed 50 per cent., 
unless permission to the contrary is given. The 
switches and cut-outs and conductors should be 
effectually protected against any possibility of moisture 
getting to them. 

The supply mains or conductors must be brought 
into the premises in such a secure manner and with 
such precautions, that if a fire arose in the electrical 
mains or work outside the premises, it would be 
prevented as far as possible from entering the building. 

Supply mains or conductors entering and also inside premises 
should be in substantial iron barrel (unless the conditions are 
such that it would not be well to use it), and the cut-outs and 
switches enclosed in substantial iron boxes. 

Cut-outs may be placed on the conductors supplying current 
to the building in a service box outside the premises instead of 
at the points of entrance. 

If one pole of a supply system be " earthed," each conductor 
must still have a switch at its point of entrance into the con- 
sumer's premises. The switches must be interlocked, and care 
must be taken that they are always in perfect order. 

If a 3-wire system is used the work must accord with Rule 
No. 28. 
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Where the supply mains or conductors are brought 
into a warehouse or buildings of like nature containng 
great quantities of inflammable goods, or when they 
are brought into very special risks, the supply mains, 
main switches, main cut-outs, and meter, etc., should 
be all enclosed in a fireproof chamber, out of which 
the conductors for the lighting, etc., should pass in 
an approved fh*eproof tube or tubes. 

The occupier must be able to turn off the electricity 
entirely from his premises whenever he considers it 
necessary. The switches should be of quick and wide 
break type, and they must be so arranged that they 
will always act together. 



Mains, Main 
Switches, and 
Cut-outs and 
Meter to be in 
fireproof 
cliamber in 
certain rislcs. 



Consumer 
must be able 
to turn oflf the 
Electricity 
entirely 
from his 
premises. 



Central Stations and Accumulators. 

No. 31. When currents of 200 volts or over are Central sta- 
used from a central station (or other place) to charge Accumulators 
accumulators, and secondary house circuits having a 
current of lower potential than that of the current 
from the central station are taken from the accimiula- 
tors, then the conductors for the house circuits should 
be provided with a device or arrangement by means 
of which their connection would be severed with the 
accumulators diu'ing the time these latter were being 
charged. 

Tests. 

No. 32. In any electric light installation in which Tests, 
the current is continuous and has an electro-molive 
force of 250 volts or under, the insulation resistance 
with regard to earth over the whole installation must 
never get below the following : — 



llatic 


ms of 12 Lights 


. . 1,600.000 Ohms. 


,^ 


25 „ 


800,000 


., 


50 „ 


400,000 


^^ 


100 „ 


200,000 


» 


400 „ 


60,000 
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When the lights are proportionate between the 
above nvimber, then the insulation resistance should 
be correspondingly proportionate. 

The Insulation res^iatance betwcM3n conductors with 
all ap[>aratUi!i and fittings connected {except lamps) 
must al^o be taken, and should never be less than the 
above table. 

The insulation reaistance of the separate circuits 
(or branches) of an installation ahonld be taken, and 
the resii^tance should nev^er be below that stated in 
the above table ; for inst«ance, if the circuit contains 
12 lights, then its insulation resiistance shall not be 
less than 1,600,000 ohm a, and so on. 

The iiiinimuni insulation resistance w4ien the 
cnr rents are of greater jiressure than 250 volts will 
be decided with regp^rd to each instance as it arises, 
BO mucii depending upon the particular c ire lun stances 
of the case. 

For alternating currents of similar electro-motive 
force the inanlation resista-nce should not get below 
twice the number of ohms given in tiie above table. 

Under normal conchtions the fall of potential in the 
conductors in a building sliould not exceed ^2 per cent, 
at the farthest point in any circuit when all the lamias 
are alight. 

Under certain circumstances the Technical Adviser 
of the Fire Office may give permission for the insula- 
tion resistance to be less than tliat contained in the 
before-mentioned table. 

A atatenient of tho iRsiLluiion tcmtij must be BuppUed if re(|i]tr^. 

All tK3«tH diQuld bo rej^ilarly entert^d in a Ijook kept for the 
purpose. 

An ieiolated ins^tallation should contain an automatic device 
that would give ii warning if a leak werR set up toeflrtb* (Thifl 
recommemiaitiiih would also apply to a non- isolated ItiBtallation 
i£ the circumstAncea of the fsajne* rendered the use of aujeh a 
deviee ndviftuble-} 

The pr-BBtmre ol the testing current shoukt be, at least, equiil 
to that at which the current ia to be UHcd. 
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No. 33. When electricity is supplied from a g^ J^^i^n xests 
** central station " to one or more buildings, accurate 
insulation tests should be made at least once daily 
over the whole system ; and a record be kept of the 
same. Too much attention cannot be bestowed to this 
matter, especially where transformers are employed, 
or when the " multiple series " system is used. 

Lightning Protection and External Conductors. 

No. 34. External conductors entering, or con- External 
nected to, or traversing any building or buildings, to have*°" 
should, where necessary, have an arrangement of Lightning 
lightning arresters (thoroughly well placed up in 
secure positions outside the building or buildings) 
that would effectually prevent the said conductors 
being a means whereby lightning could strike or enter 
the building or buildings. 

Warehouses, Drapers' Shops, Churches, etc. 

No. 36. Special precautions may be required to Electrical 
be taken with regard to electrical work in warehouses, warehouses 
drapers ' shops, and similar risks. No work should be ^ Drapers* 
conunenced or done without first consulting the Fire 
Office and learning what precautions it considers 
necessary under the particular circimistances of the 
case. 

In these risks the greatest care must be exercised 
not only to keep the lamps, but all switch boards, 
switches and cut-outs, at a safe distance from all 
combustible materials and goods. Too much attention 
cannot be given with regard to fixing up the work 
securely, and the utmost care should be taken to 
render it impossible for goods to come into contact 
with incandescent lamps, fittings or conductors ; in 
some cases it may be necessary to enclose the 
incandescent lamps in glass globes. No arc lamps 
to be in any place or position that may be deemed 
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ChuTcboA, 



undeBirable by the Technical Adviser of tlie Fir© 
Office. All arc lamps should be double enc loaed. 
No portablo lights on flexible conductors should be 
placed in the shop windows or shops, or where there 
are iitflamuiable goods. 

No wwiteh board or cut-out board, etc., should be on 
wood fittingly, woo tl- work, or on rnaU^h -boarded walls, 
etc. ; they i^bould bo properly placed on a brick or 
stone wall. No switches or cut-outs should bo on 
wood fittings J etc*, containing goods. 

The greatest care should be taken that the supply 
mains are brought into a perfectly secure part of the 
premises — not into a shop window or in the shop 
itself, or in the vicinity of goods — and the arrange- 
ment should be such that the eurrerjt could be turned 
off any portion of the ]:>remiaes at any time. 

The conductors in the above class ol risks should 
be in ap^jroved iron barrel when it can be used. 

Installations in cluirclu^s slitmkl be most earefidly 
done. No work should be in the roof if possible. 
Any conductor!^ about the organ shtiuld be in WL-lded 
iron barrel or other approved metal tubes, and tlie 
switches and cut-outs in iron boxes. No flexible 
wire should be used at tiie organ. Shoidd an electric 
motor be used it nniyt be situated in a secure place 
and be in a fireproof compartment or case» 



Very 



Ceut ml 
Statiuna. 



CENTHAii Stations, Theatres, Mills, and Vert 
Hazabdous Risks. 

No, 30. In very hazardous risks, special pre- 
cautions may have to be taken, such precautions 
necessarily varying according to the peculiarity of 
the circumstances of the hazard. 

With regard to central stations the buildings sliould 

be fireproof, of one storey construction, lofty and dry. 

They should never be crowded up, but contain ample 

spa£e for the machinery, apparatus, switch boards, 
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etc., with plenty of room for the work-people to move 
about in. All conductors should be most carefully 
arranged and protected, and be in iron pipes where 
convenient and practicable ; bunching should be 
most carefully avoided. If the roof is boarded under 
or contains any woodwork, all conductors should be 
kept as far as possible from it ; disastrous fires having 
been caused by lack of this precaution. It would be 
far safer if the roof contained no boarding or com- 
bustible material whatever. Central stations should 
contain no match-boarding. The switch boards 
must be fireproof, and so placed that there would be 
ample room for a man to work securely, safely and 
comfortably behind them or in front of them at any 
time. The positive and negative conductors should 
be on separate boards where practicable. The work 
should be on the front of the boards as far as practic- 
able ; no apparatus should be on tlie back or in the 
space behind the boards, which should be kept 
perfectly clear ; the conductors at the back of the 
boards should be most carefully spaced out, and 
securely arranged (the positives being kept well apart 
from the negatives when for the same board). 
Special care should be taken to ensure that all 
fastenings and connections are always in perfect 
order. 

The surroundings of the switch boards should be 
fireproof, the aim being that if a fire broke out on a 
switch board it could not extend beyond, or would 
have difficulty in doing so. 

The conductors might be brought well apart to the 
switch board by means of a tunnel or a channel in 
the fireproof floor, the tunnel or channel should be 
fireproof and contain no other apparatus, and where 
the conductors go through the floor, to or from the 
tunnel, arrangements should be made so that fire 
would have difficulty in travelling along them. It 
would be better if the insulated conductors in the 
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channel or tunnel wero in irori pipes where practlea^ble* 

The temperature of the station should be kept as 
low as possible i this is of great importance. 

Too much stress eftm:tot be laid upon keeping the 
station clean, cool, well ventilated, in thorough re^ 
pair, and al>solutely impervious t-o moisture. 

Fire btiekets containing dry sand should be kept 
in the station at plaices where tliey would be easily 
ant] quickly aeee^sible. 
Tlieatrofl* WitJi regard to theatres, the work should be of a 

special character — the work in connection with 
batten, wing ant! float hglits should be incombustible, 
the switcli boards and distribution boards sliould be 
incombustible, with a brick or stone wall behind, and 
no combustible materials in the vieitiity, and the 
boards should be situated and arranged with tlie view 
of the minimum possibdity of a fire extending if it 
broke out ujion any of tlienu Tlie work in connection 
with floor plugs or ttnoporarj-- attachments must be 
fireproof and special, great care being taken to pre\^ent 
any liabiUty of heatitjg being set up from bad 
contacts or other causes ; fixed conductors, especially 
on tlie stage, should be in iron or steel tube^, or in 
specially approved casings ; any loose conductors 
should liave vgyj strong coverings to their insulation ; 
all lights must be at a safe distance from all com- 
luistible materials. All arc lights must be st^^urely 
enclosed and situated ; special care must be taken 
with regard to the safe placing of resistances, wluuh 
must be in approved iron boxes on brick or stone 
walla* If hquicl resistances are employed they nmst 
be most securely arranged and situattH:!, and have 
thoroughly good v^entilation. 

If arc light are to be used on the stage, pemiiasiou 
must first be obtaiticd. 

All w ork should be '* surface '* and specially pro- 
tected against liabihty to injury. 

The wiring should bo arranged in circuits, as small 
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as could conveniently be employed, with double 
switches and double cut-outs to each. No work to 
be inside any roof. 

In paper mills, the greatest precautions must be 
taken against damp and corrosive vapours or gases. 
The same applies to bleach works. 

In sugar milh, special precautions have to be 
taken to prevent deleterious action from the high 
temperature, and in some instances from corrosive 
action. In some places it may not be advisable to 
place up electrical work. 

In saw mills, great care must be taken, especially 
with regard to keeping all work free from injury, and 
also the lamps, holders, roses, cut-outs, resistances, 
switches, switch boards, etc., free from fine dust, and 
placing the same in secure positions ; the work should 
be of the highest class throughout, and arranged in 
small circuits with double switches and double cut- 
outs to earch. No flexible wire should be used in the 
working rooms — all lights there should be fixed, and 
in some places it may be necessary to enclose the 
incandescent lamps in glass globes. Approved metal 
tubing should be used to carry the conductors, special 
care being taken that double switches are provided 
for each room. The same recommendations also 
apply to cotton mills and corn mills ; here the dust or 
fly given off is more inflammable. 

In breweries, much precaution is requisite with 
regard to security, especially as the work is liable 
to the action of damp, acetic acid, etc. 

In printing works, great care has to be taken with 
regard to safety, and especially to prevent the work 
getting mechanically injured. 

Again, in risks where naphthg, or certain chemicals 
are used, or injurious products are given off, a solvent 
action may be set up on the insulation, or the chemicals 
employed or products given off, may act injuriously 
upon the elect^rical work and slowly or quickly eat it 
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awftj ; the condition© might be such that it would 
not he advisable to plaiie up any electrical work. 

Hazardous riaka vary so greatly tliat it is impossible 
to lay down hard and fast rules that shall govern all 
cases, without being unnecessarily stringent in some 
instances and unduly lax in others i eacli risk really 
requires to he separately considered with regard 
to its own special eharacteriaties ; no electrical work 
therefore should be placed up in such risks without 
previously consulting the Fire Office^ 



Electrical Power Installations, 
Machinery and Apparatus, 



El^CTRICAIi 



Bleiitrtcal 

Power 

Instibllatlons. 

Sittwtlon of 
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No, 37, No nic)tor, dynamo, transformer, or 
any ap[>aratus for generating or altering electricity, 
either for lighting or power, ete,, to he placf^l in any 
room except the engine room (or other approved 
room)t in any cotton* woollen, lace, flax, jute» corn, oil, 
saw-mQl, etc., or in any mill or factory of a like 
dcBcription, or in any room, or place, where any 
hazartlotis manufaeturo or proeei^is i^ carriod on, or in 
which hazardous goods are stored, or where there is 
rtsk, without certain speciol precautions being taken 
with regard to safety, unless permission to the ci^n- 
trar^^ be given by tlie Fire OMce. 

Electro motors and dynamos, when in buildings 
sueh as above described and not sittiatod in tlio engine- 
room (or other approved room) must be placed in an 
approved fireproof eomjiartnient, so that if tlic motor, 
etc,, firecU the fire could not spread ; and provision 
must he made that no fine dnst, " fly," waste, etc,, 
could get in. hence the comj^artmcnfc shoidd not 
ventilate int-o the building but into the ontj^ide air, 
and tlie only aiiertures in the walls of the compart- 
ment into tbo building should be just suflieicnt for 
the shafting and the conductors to separately pass 
through, the latter bein*^ most carefully protected in 
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doing so . The door should be of iron or other approved 
fire-resisting material. The pulley should be external, 
but the resistances, etc., if not in the engine-room, 
should be placed inside the above compartment. 

If, however, it would not be convenient to ventilate 
the above compartment into the open air, then the 
compartment may have ventilating apertures in its 
vertical portion, each of such apertures being properly 
covered and protected by two layers of approved 
metal gauze not less than J inch apart ; unless in the 
opinion of the Fire Office such or any apertures would 
not be desirable. 

With regard to enclosing motors, etc., in metal J'^t^^p^es^ 
.,^,. .1.^ I . forMotors.etc. 

cases instead of pla<jing them m fireproof compart- 
ments, a metal case should not be employed if its use 
would cause the motor to unduly heat, or be a source 
of danger through persons being liable to get shocks 
from it. 

When cases are used they should be of substanticd 
metal, the arrangements for ventilation must be the 
same as those above described for fireproof com- 
partments, namely, either by apertures in the verticcd 
portions of the case (unless apertures be considered 
undesirable by the Fire Office) covered by two layers 
of approved metal gauze not less than J inch apart — 
or else into the open air — and the case must contain 
no other openings except those just sufficient to allow 
the shafting and the conductors to pass through ; the 
apertures for these conductors must be bushed with 
insulating material. The pulley must be external. 

Induction motors may (unless in those instances induction 
considered undesirable by the Fire Office) have un- J{^*ninggin 
protected ventilation openings in their metal cases their cases, 
provided the superficial area of each opening does 
not exceed J of an inch, and the openings being at 
least J of an inch apart, but the total area of the 
openings must not exceed one half that of the super- 
ficial area of tlie case witliout permission. Slip rings 
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and brushes or any other shditig contacts must be 
completely enclosed in metal eases. There mujat be 
no exposed terniinalH. 

The resistftiiceiFi, etc., when not in a firnproof 
compartment most be enclosed in a substantial iron 
box (or other approved fireproof material )♦ and if 
ventilation be required it must be on the prineiple 
described on page *207 for fireproof compartments and 
metal cases ; the reslBtances must be efficientlj'' in- 
sulated from the metal of the box* 

The resiBta,ne.e box must be on a brick or stone 
walh and at a perfectly safe distance from all com- 
bustible material. 

It must^ howe^"e^^ be remembered that the fire risk 
of buildings and the conditions met with vary ro 
greatly that it la quite iniiios^Kible to draw up hard 
and fast rules that shall apply to all. In some 
buiUlinga it may be necessary to carry out the whol© 
of the above precautions ; in others it may not be 
necessary to enclose the motors at alL therefore ivhen 
motors, etc., are to be plaeetl up in buitdings, inquiries 
should be made of the Fire Ofiice as to the proper 
precautions requisite. 

No mi>tor or dj^nanio should be on a wood floor in 
any building* unh^ss the wood floor under is protected 
by fireproof n:iaterial to the satisfactitiri of the 
Technical Adviser of the Fire Office. All wood -work, 
both vertically and horizontally, must be at an 
absolutely safe distance away— or the wood- work 
effieiently protected with fireproof materials to the 
aat[afaction of the Fire Office. AIJ combustible 
materials must also Ijc at a safe distance asvay. 

Eaeli motor should be on a separate circuit. 

The arrangen^ents with regard to each motor 
should be such that the current could be entirely 
disconnected by switches from both poles of the motor 
and conductors in connection therewith, when the 
motor is not in use. 

20S 



Digitized by LjOOQ IC 



INTERNAL WIRING OF BUILDINGS 



Motors should be furnished with approved auto- 
matic cut-offs of such design and arrangement that 
if the current failed, or the motor became unduly 
overloaded, the motor circuit would be automatically 
broken, and the motor cotdd not be started again 
until after the resistance switch had automatically 
been brought to zero. 

A motor should also be provided with an apparatus 
of such a nature that the maximum working current 
would be automatically prevented from being exceeded. 

All metal cases, boxes, tubing, etc., and the frame 
of motors and dynamos must be efficiently connected 
to earth (except in any special instance objected to, 
or considered unnecessary by the Fire Office). 

When motors not enclosed in a fireproof compaxt* 
ment or metal case are allowed, care must be exer- 
cised that they are pla<jed in thoroughly secure 
situations, and so arranged that if on fire, the fire 
would be prevented as far as possible from spretiding ; 
the resistances must be enclosed in a metal or other 
approved fireproof case or box, and with all other 
apparatus be securely arranged and pla<;ed to the 
satisfarction of the Technical Adviser of the Fire 
Office. 

With regard to very small motors for fans, etc., 
the question as to whether they should be enclosed 
or not, and the distance that woodwork should be 
kept from them, will depend upon the size and kind 
of motor, nature of risk, etc. ; so much depending 
upon the circiunstances of the case. 

An electrical power installation requires at least the 
same wiring safeguards that apply to an electric 
light installation, in which the conditions of supply 
and the electro-motive force of the current are similar. 
The insulation of the conductors must be in accord- 
ance with Rule No. 3. 

When the pressure of current used is between 160 
volts and 600 volts the conductors must be enclosed 
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in approved welded, or solid drawn iron or steel tubes 
with aerew jointB, and electrically contitiiious, the 
switches, cut-oiits and reststaneea nmst be in approved 
fireproof boxes* or caBes* and thoroughly ineulated 
therefrom. When alternating currents are used both 
conductors must be in one tube. The insulation 
tesi&tance of the conductors before being placed up 
fihould not be leas than 2,000 megohms per mile ; 
or 2,500 megohms per mile if the pressure is 400 volts^ 
or betwecm tliat and 500 volta. The whole work 
must be of the moat safe and secure description. 

In any electrical power iiij^tallation in which the 
pressure of the current does not exceed 500 volts, the 
insulation ret^istance to earth of each motor, together 
with its resistances, switches, cut-outs, conductors 
and accessories, should nev-er get below L 000,000 
ohms. The insulation resistance between conductors 
with all fittings and apparatus connected (except 
motors) should not get below 1,500,000 ohms. 

The niinitnum insulation resistance w^hen the cur- 
rents are of greater pressure than 500 v-olts will be 
decided with regard to each particular caae as it 
ihrises. 
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Eleotbicai. Power Inbtaij^ations — (conM.) 

No. 38. No motor is allowed to receive current 
from any tramway (or railway) trolley mre wifcli an 
earth return, unle-ss special permission lias been 
obtained from the Fire Office. 

When such permission has been obtained, it may 
be mentioned that the insolation resistance of the 
eonduct-ors before being placed up inside the building, 
must not be less than 2,500 megohms ]jer mile for 
currents not exceeding 550 volts pressure. The 
conductors must be enclosed in substantial iron or 
steel tubing, welded or solid draw^n, with thoroughly 
well screwed j o in ts^metal to metal. This tubing 
must be screwed into a cast-iron terminal box forming 
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part of the motor framework. The conductors must 
have an efficient switch on each pole at their entrance 
into the building, the switches being interlocked so as 
always to act together. The positive or live con- 
ductor must have an efficient cut-out at its entrance 
into the building. The switches must be in a cast- 
iron box, and the cut-out in a separate cast-iron box, 
and into the boxes the iron tubing must be screwed ; 
the insides of the boxes must be lined with an approved 
insulating incombustible material : or the switches 
and cut-out could be in boxes composed of approved 
fireproof insulating material, enclosed in cast-iron 
boxes. The switches, cut-out, and boxes, must be of 
thoroughly safe kind in every way, and in secure 
positions. The whole of the metal tubing and the 
metal boxes to be electrically and mechanically 
continuous. The motor must be furnished with an 
approved automatic cut-off of such design and 
arrangement that if the current failed, or the motor 
became unduly overloaded, the motor circuit would be 
automatically broken, and the motor could not be 
started again until after the resistance switch had 
automatically been brought to zero. The motor 
must also be provided with an efficient apparatus 
that would automatically and effectually prevent the 
motor receiving any current at a greater pressure 
than the motor was designed and proved to easily 
and safely bear. The cut-offs and appeiratus must bo 
enclosed in approved iron boxes, which must be 
electrically continuous with the iron tubing, etc. 

All metal tubing, meted boxes, causes, etc., and the 
frame and shaft of the motor, must be thoroughly 
well and safely earthed. 

The positive or live conductor must have an efficient 
lightning arrester in an incombustible box pla>ced in a 
secure position outside the building. The earthing 
arrangements must be most carefully and efficiently 
made. 
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The return conductor to have no cut-out, and must 
be thoroughly well bonded to the tramway rail, and 
most carefully protected against any possibility of 
injury. It should be carried ba<;k to the tramway rail 
in iron barrel, which should also be bonded to the 
tramway rail. Efficient precautions must be taken 
to prevent any possibility of electrolysis occurring. 

Ea<jh motor must be on a separate circuit. 

All work must be most securely and carefully pla»ced 
up, due regard being taken of the pressure of the 
current to be used, that an earth return will be 
employed, and also that an increase of current above 
the normal might at times occur. 

Any work or apparatus not herewith specifically 
mentioned must be provided with the same general 
safeguards as above mentioned, so far as they apply. 

When applying for permission to drive a motor 
by current from a tramway (or railway) trolley wire, 
a full description must be furnished of what is pro- 
posed to be done, including the kind of motor to be 
employed, its electrical horse-power, the normal 
pressure of the current, the maximum possible excess, 
and the safeguards to be adopted. A sufficient 
description of the electrical system and arrangements 
of the tramway must also be sent. The Fire Office 
will then be able to decide, if granting permission, 
whether further requirements than those contained 
in Rules No. 37 and No. 38 would be necessary, or 
whether some of them could be modified or dispensed 
with. 

When alternating currents are used both conductors must be 
in the same metal tube. 



Electrical 
Cranes. 



Electrical Cranes. 

No. 39. The risks and circumstances in which 

electrical cranes are used vary so greatly that it is 

impossible to draw up rules that shall apply to all 

cases. When therefore electrical creuies cure proposed 
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to be used full particulars of the work and the 
safeguards should be sent to the Fire Office for 
approved. 

The particulars must contain a description of the 
motor and general electrical arrangements including 
the wiring, and clearly state how the motors are to be 
enclosed, whether any bare conductors are absolutely 
necessary, and if so, their proposed situation, length, 
method of fixing, etc., etc. 

It may be mentioned that any bare conductors 
must be most securely and rigidly fixed to approved 
porcelain or earthenware insulators. The conductors 
must be at least 6 inches from each other, from other 
metal or wood-work, and from the side of the gantry 
or other structure they are supported by. 

Efficient precautions must be taken against any 
possibility of leakage of current from the conductors, 
and from combustible or other materials coming into 
contact with them. 

The whole work must meet the approval of the 
Fire Office. 

Electrical Heating. 

No. 40. When any building or portion of a Electrical 
building is to be heated by electricity, or electric (general), 
heating is used for other purposes, notice must be 
given to the Fire Office ; the system and arrangements 
must be such as meet their approval, and no electrical 
heating or arrangements will be allowed in any 
building or in any part of a building that does not 
meet with their sanction. 

The same general electrical safegufiurds and arrange- 
ments must be taken with regard to the installation 
as are required by these rules for an electric light 
installation, so far as they apply, but with the addition 
of such other safeguards as are stated here, or may 
be considered requisite by the Fire Office. 
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Soi^keta and 



etc* 



The same general safeguards for security from fire 
and heat will be required with regard to electrical 
radiators or electric stoves that would be considered 
necessary by the Fire Office, if the radiators or stoves, 
instead of being heated by elcetricity, were heat.ed by 
other means . Tfiey muftt be considered in certain 
reBpects an firo-hi^ated stoves. Arrangementii must 
be matle no Uiat the tejnperature of the radiators will 
not exceed tiiat for which permission ia given. 

All ratliatorti or stoves must be fixed at such safe 
distance fro jo wood- work and ail other combustible 
aubatftrices as may be rctjulrt^d. 

No radiator or stove to be fixed in roofs, cupboards, 
nor in any position or place that may be objected to. 

Eveiy radiator or stove should he protected by it« 
owu separate cut'Out-w aod have double switches. 

All radiators shcKild be fixed to, or stand upon, 
apprt^vetl lirejirfrnf inaulator.^. 

Ail sockets and phigs sliouhl be incombustible : 
tliey nuiHt be to the ap])roval of the Fire Office. No 
sockets will be allowed in aiiy place nor in any risk 
that may be considered imdesirable. 

Floor-Hocketa are nob allowed (unleflft |irevioiis written per- 
mim'm has been obttiiiied^. If fsennlflflion to use them be 
pi veil « thpy mitiiit he effioienUy protect i^d uga^inMt tiietibanical 
injury, and from damp, nnri other injurious influetvceft. 

Every socket should be so constructed that the 
contacts are automatically covered wlien tiie plug 
is removed. 

The conductors for supplying ciirrent to the 
radiators must be att^clietl to proper t.erminals of 
large carrying capainty. They should, if possible, be 
brought to the radiators or stoves in ajiproved iron 
barrel or approved armoured tvibing. 

The mains and all principal branchea must have a 
switch and cut-out on esich condnctor, [If the system 
is a 3-wire one then no cut- out is to be on the neutral 
(or middle) main]^ 
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Work and 
Materials, etc. 



No conductor to be unencased without permission. 
The insulation upon any unencased conductor must 
be of special character, and have very strong coverings. 

No conductor or any part of the work to be so 
placed that it will be exposed to mechanical injury. 

No conductors to be so placed that they can be 
exposed to undue heat. The insulation of the 
conductors at the radiators should be special, and of 
fireproof chareicter if necessary. The conductors 
should be enclosed in iron at their junction with the 
radiators or stoves. 

All work and materials to be of the highest character 
and to the satisfaction of the Technical Adviser of the 
Fire Office. The entire installation (including the 
insulation resistance of the whole work, both with 
regard to earth and between conductors) must be to 
his satisfaction. 

With regard to hazardous risks other special pre- Electric 
cautions may be required ; these, of course, may vary nlzardou? 
according to the nature and circumstances of the K-iska. 
particular risk. 

An electric heating installation should be distinct 
from any electric light installation or electric power 
installation that may be on the premises, unless per- 
mission be given to the contrary. 

In any electrical heating installation, when the insulation 
pressure of the current does not exceed 250 volts, the >.^si3*»°ce. 
insulation resistance, with regard to earth of each 
heater, stove, radiator, etc., together with its con- 
ductors, switches, cut-outs, plugs, etc., etc., should 
never get below 1,000,000 ohms. 

The insulation resistance between conductors with 
all apparatus and fittings (except stoves, radiators, 
etc.) connected, must not get below 1,000,000 ohms. 



Any electrical apparatus used for giving off or diffusing boat 
will come under the head of radiator or stove. 
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Electrical 
C'GukinK 



Wiring, etc, 



IiuDlation 
RealatJiEiice, 



Generjil 



Electrioai. Cooktno* 

No. 41. The Hame general ruloB must be observed 
as for elef^tric heatings so far as they apply. 

Every oven, stove, or other apparattis, should be 
prdteet-ed by its own separate cnt-out^ and h witches. 

The greatest care must be exercised in eo arranging 
the conductors tliat tliere wotild be no ]JOssibility 
of any of thenj heconiiug unduly licated, thither by 
proximity to or contact witli any of the apparatus, 
or from other causes* Care rnuBt also be taken that 
none of the elei-trical vrork ^vould be liable to meehan- 
ical inJLirj''. 

The conductors ahoukl be enclosed in approved iron 
barrel or approved iron causing. 

The insulation of the conductors at or jiear the 
oven, stove or other apparatus^ may iiave to be special 
find of fireproof charac^ter* 

Tlic insidation resistance of the installation must be 
at least the same as tliat for an electrical heating 
installation j an electrical oven being considered as 
equivalent to a radiator or stove for this xnir[)ose* 

With I'egard to the cooking ap]>aratus the same 
general safeguards nnist he taken with regard to 
security from danger of fire that wiiuld be considered 
necessary by the Fire Office if the apparatus wei-e 
heated to similar temperatures by uthermeans ; and 
this applies also ti> the poeitione of the apparatus, 
methods of fixing, distance from and protection of 
woodwork or other combustible materials, etc. 

The whole of the work to be to the satiefaction of 
the Fire Office, 



Earth 



Earth Return, 

Xo, 42, No earth return allowed. 

UnleTiH in thoae canoEi for which speuial pprmisis^inn ha^i beeti 
given. 
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Telephone Wires, etc. 

No. 43. Every telephone wire from an overhead ^^**^'"' 
system should have an efficient lightning arrester 
fixed in a thoroughly secure place outside the building 
containing the telephone, and near the entrance of 
the telephone wire. When, however, the telephone 
system is a complete underground one, and efficiently 
protected against lightning at the exchange, then no 
lightning arrester need be placed up on the wires 
entering the building, unless required by the Technical 
Adviser of the Fire Office. 

Telephone wires must be so arranged and fixed 
that there would be no possibility of their coming into 
contact with any other conductor carrying current. 

Every telephone circuit that has not complete Earthing, 
metallic return should be securely and efficiently 
earthed outside the building containing the telephone. 

No circuit to be earthed to a gas-pipe. 

All telephone wires inside buildings should be of 
copper and efficiently insulated. 

No telephone wire should be of less section than Minimum 
No. 20 S.W.G. ^'°**^^- 

The insulation resistance of a telephone circuit Jj^^^*'^'^ 
inside a building should never drop below 1 megohm. 

When the circumstances are such that a telephone Safeguards to 
wire might, through accident or other causes, come 
into contact with, or into dangerous proximity to, 
another conductor carrying current (for lighting, 
power, or other .purpose) of such a pressure, that fire 
or danger might result from such contact or dangerous 
proximity, etc., then the telephone wire must be 
furnished with an automatic apparatus of such design, 
make and arrangement, that, if the pressure of the 
current in the telephone wire should exceed 60 per 
cent, of the normal pressure, the apparatus would 
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G^nemL 






instantly act, imd cause the current to be harnileasly 

conveyed to earth. 

A cut-out also must be placed upon each telephone 
wire, iti a H&i& place, as near to its point of entrance 
into the building as possible, and the cut-out must be 
of such a nature, that if tlio current should reach one- 
tliird of an ami^ere, then the cut-out woidd instantly 
fuse and cut the current off the building. 

Outside telephone wirej^ must be effleiently fixed 
at least four inches fro in tlie sitructure. They sliould 
be attached to approved insulators. Special pre- 
cautitjus may be required when the buildings are of 
a very hazardous uature or when the c i re iini stances 
of the catif% in the opi uion of the Fire Office, warrant 
them. 

The iixing of all teleplione works, wircfj, apparatus, 
et/C., both inside and outside a ]:juiiding» must be to 
tlie j^atisfai tion of thf* T^'chnical Adviser of the Fire 
Office. 

Telegraph wires will come under the above regu* 
lalions so far a^ tltey apply* 



Trolley Wirk.r. 



Win?^. 



No. 44, Trolley wirc;^ paBeing under wires 
carrying current to a building for lighting, power 
heating, telephones or other purposes, muj^t be eJH- 
ciently gimrdcd in such a manner that if any of the 
wires above them broke or sagged they w^ould be 
prevented from corning into contact with, or dangerous 
proximity to, the trolley wires. Each %vire over a 
trolley wire must have at its entrance into any 
built ling a safety device of such a nature that if the 
pre^^sure of current ui the wire exceeded at any time 
50 per cent, of the normal [irossure, then the device 
would instantly act and cut off the current from the 
building* 
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Ghabagteb op all Electmoal Work. 

No. 46. AU work and materials to be of the ^J^*®'^' 
best character ; and the installation to be accurately 
tested at the time of erection for insulation. 

All installations should be periodically examined 
and tested. 



All Work Must be to the Satisfaction op the 
Fire Office. 

No. 46. No departure from any of these Rules 
will be allowed without the sanction of the Technical 
Adviser of the Fire Office. The whole of the arrange- 
ment, machinery, work, fittings, materials, and 
safeguards, of the electrical installation must be to 
his entire satisfaction. 

It is however quite understood that as Risks vary 
so greatly, it is impossible in fairness both to the 
Assiu'ed and the Fire Office, to lay down hard and 
fast rules that shall be imperative in every case under 
all circumstances. Therefore should difficulties arise, 
due to special conditions and circumstances of a Risk, 
with regard to carrying out any of these Rules, the 
matter must be referred to the Fire Office for their 
advice and decision. 

MUSGRAVE HEAPHY, C.E., 
Member Institute Electrical Engineers, Etc., Etc, 
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ELECTRICAL FIBE BISKS 
TJsEFtiL Facts to be Remembbbed, 

Electricity can r^adUy change to fire. 

Any portion of an f^lectrical installation improperly placed 
tip can self "fire, from the dynamo to the lamp ; the parts 
hidden away being often the most dangerous ; the incandea- 
eent lamp itself can set fire to combustible materials if it be 
in contact with tiiem, and has been the cau^e of fires. 

If tlie paHwage of electricity be retarded in any part of 
its circuit, the current of electricity develops heat. 

Conductors of a certain diameter can only transmit a 
definit*^ quantity of electricity safely (for a rough com- 
parison, electricity going along a conductor may bo Itkoned 
to steam or water panning through a pipe); any amount 
above that may canao theni to beconte dangerously heated. 
Conductors from tliis cause have got red, and ev^en wliite hot ; 
burning thcrr insulating coverings^ and setting fire to e\'ei*y- 
thing combustible they were in contact with. 

If a |)OHitive and a negative conductor ' are placed too 
near eacli other, and the infcjulating material of the conductors 
Tiappens to get rubbed or worn off, an '" arc " may be 
set up, and fire ensue. Hence tlie importance of keeping; 
conductori^ well njiart. Fires will arise if a '* short circuit^* 
t-akes place ; that is if tlie electricity manages to get from 
one conductor to the other (whieli it is always anxious to 
do), without passing through the lamp«, etc. Anything 
conibufitihle tfiat the electricity ** short circuits " across 
niay be net on fire. . Hence the necessity of good insulation 
to the conductors. 

A fire may break out if leakage of electricity takes place 
to " earth.*' Hence, again, the importance of good insula- 
tion, and of keeping conductors free from metal work, such 
•^ gas and water pipes j etc. 

Moisture will '' short circuit " or wiU " earth " conductors, 

and has been the cause of fires, some of which have arisen 

from washing floors when the conductors liave betm iinder< 

^ Ur, in fact, aiiy two condu^tora in which the eleotro -motive foroo 
of tlie elfrcfric-ity la different, 
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Hence the necessity of waterproof insulation to conductors 
when situated in damp places, or where any moisture can 
reach them ; and also the necessity of care when fixing 
the positions of switches, cut-outs, and other parts of an 
electrical installation. 

A fire may occur from loose connections or from bad 
joints — hence the necessity of good workmanship. 

There is as much danger from an incandescent installation 
as there is from an ** arc " installation, if either be not 
properly put up. 

In fixing the position of a dynamo or motor, it must be 
remembered that many instances have occurred of dynamos 
and motors setting themselves on fire. 

Switches are extremely liable to set up a fire if they get 
out of order, or are improperly constructed, or not properly 
fixed. 

In laying out installations do not place too great reliance 
on ** cut-outs, ^^ but trust to the manner the whole work has 
been arranged with regard to safety. Experience proves tJiat 
*' cut-outs,** invaluable as they are, are no sure protection 
against an electric fire breaking our under certain circum- 
stances. They have even themselves been the cause of fires 
occurring. 

Although it is necessary to have tests taken of an electrical 
installation, it is an error to suppose that if they show good 
results they must prove the installation to be a good one and 
safe. Under certain circumstances it is possible for the tests 
to be very high and yet the electrical work may have been 
scamped and the installation be dangerous. 

Trust first to the manner in which the whole work has been 
placed up, and next to the tests. 

If you switch out you/r lights with a switch that acts on one 
conductor only, remember that this does not turn the electricity 
off, it is still practically in the conductors, and a fi/re can break 
out under certain circumstances {perhaps in the middle of the 
night) though not a single light is burning. Turn off your 
lights therefore by switches that act on both conductors, and 
80 cut the current off entirely, 
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If your lights are burning dimly, and your electrical 
machinery is going at its normal speed, then leakage of 
electricity may be taking place, emd an examination should 
at once be made. 

When an electrical fire breaks out, turn off the current 
from both poles at the nearest switches, then use your 
appliances ; the injudicious use of water without these 
precautions might increase the extent of the fire or perhaps 
be a source of personal danger. 

MUSGRAVE HEAPHY, C.E., 
Member Institute Electrical Engineers, Etc,, Etc 



NOTE. 

If you put up electrical work to tender, remember 
this : t?iat any firm by arranging to place inferior qtMjdity of 
work in your premises can easily underprice other firms 
thcU are more conscientious ; and experience proves that 
inferior work may result in a fire breaking out sooner or 
later — perhaps between floors and ceilings, behind wains- 
scoting, or inside roofs. Be careful, therefore, previous to 
accepting a low tender, to make yourself certain that the 
same quality of work has been estimated for and intended 
to be done, fits that of the higher tender. 

Keep your installation in such a condition that it would 
be affected as little as possible by any leakage to earth 
from the company's mains that supply the current. 

Be sure that all conductors and fittings are kept in good 
order, and that no connection gets loose or imperfect. 

The electric light is, in the opinion of the Phoenix 
Fire Office, the safest of all illuminants, and preferable 
to any other, when the installation has been thoroughly 
well put up to its satisfaction, and the particular system 
employed has its approval. 

The electric light must not be used in plfiwe where 
other illuminants are not allowed, unless special permission 
to do so has been obtained from the Fire Office. There are 
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also certain risks in which the electric light must not be 
used without special permission from the Fire Office. This 
also applies to electric power, electric heating, etc. 

Before an electrical installation, is used notice should 
he sent to the Fire Office, in order that an opportunity may 
he given for the installation to he inspected with regard to its 
Fire risk. 

Full particulars of a proposed installation should he supplied 
hefore the installation is commenced. 

Should an electrical installation he proposed to he altered, 
or the supply of current changed, or the pressure of current 
proposed to he raised or lowered, notice should he sent to the 
Fire Office, An electrical installation may he in a very 
safe condition, and yet, if altered (especially for purposes 
or conditions it was not originally arranged for), hecome very 
dangerous with regard to fire. 

Users of electricity should never forget that an electrical 
instaUaiion requires to he periodically examined hy a com- 
petent electrician, and attended to if necessary ; and at least 
every seven years the installation should he thoroughly over- 
hauled, and hrought as far as possible up to date with regard 
to safety requirements. 

These rules, except where otherwise stated, are for 
installations using current at not over 250 volts pressure — 
the supply being from two conductors. 

No earth return is allowed (except in those cases for which 
special permission has been given). 

Should the assiu'ed's electrician have any doubt with 
regard to any matter contained in these Rules, or should 
there arise any difficulty from the particular circumstances 
of the Risk as to carrying out any of the Rules, he ishould 
communicate with the Fire Office for advice. 
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THE WESTmNSTER ELECTRIC SUPPLY 
CORPORATION, LIMITED. 

INSTALLATION WORK RULES. 

Caution, 
Thfl OorporatioTi issue the foUomng general information 
and rules for the guidance and assistance of consumers and 
tho&e engaged in dectric installation wark. It must, 
liowever be distini^Uv understrwd that the Corporation 
liave no re^)ongihility whatever for the work done by 
contractors on consumers^ premises, and are m no way 
rosponsib!o for any loss or dan.age which may be occasion^ 
by fire or by any accndent arising from the state of the wires 
or fittings ill tlie Interior of buildings. The passing of an 
inf^talJation by the Corporation^^ Inspector simply means 
that it complies with the rules here laid down as t^ insulation 
tests. TlieCort>oration take no responsibility whatever in 
respect of testing a consumer's insUiUation on his own 
behaM. 

APFT^ICATEOJiT FOR Cl-RUENT, 

At leant ten davs before the sui>j-ly of current is required 
hi any premises, the conanmer, or his eontraetor acting for 
him must mi in and send to the Corporation's head office 
fchf^ form iirepared for that purpose, copies oi winch can be 
obtained on application to tlie Corporation. Tlu^s form, 
which must be signed by the consumer, estates the number 
of lami>g or other api^aratus for which current is reqvured, 
and the supply of current will be given on the understanding 
that the maximinn current apphed for is not exceeded. 

VVliere a consumer de^irea to use current for Power, 
HeattngorCookmg. it is recommended that a separate circuit 
should be run diBtinct from the lighting circuit. Attention 
is called to the following condition as to rate of charge :— 
" If any lamps used for hghting pui-poses are connected 
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to or are supplied by means of a power circuit, lighting 
rates will be charged for the whole circuit." 

At least four days* notice in writing must be given to 
the Corporation of any alterations being made to the wiring, 
or of additional lamps or other apparatus being added, and 
all such new work must be tested by the Corporation when 
finished, prior to the current being turned on to the new or 
altered circuits. 

In the event of neglect of this rule, the Corporation is at 
liberty to cut off the whole of the installation until the tests 
have been made. 

Consumers are specially cautioned against increctsing the 
number or candle-power of their lamps without competent 
advice, £is by so doing they may cause their wires to be 
dangerously overloaded. 

Connection 

to the Corporation's mains will be made free of charge 
where the premises are situated at a less distance than 60 
feet along a public thoroughfare from mains already laid, 
but no work on private premises can be undertaken, beyond 
the fuse box mentioned below. 

System op Supply. 

Continuous ciu'i:ent will be suppHed at a pressure of 200 
volts. Consumers requiring a supply for Ughting purposes 
in excess of 40 amperes will be connected on a double service, 
particulars of which can be obtained from the Corporation. 
Motors having an output of 4 h.p. and over will require 
special arrangements as specified on page 229. 

Services. 

The Corporation in all cases lay the service mains between 
their own mains and the consumer's premises. The 
Corporation will bring the service mains into or upon the 
consumer's premises at the nearest convenient point to their 
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flerviee boxes^ and will fix the ends of their mains into a 
fuse box* This fuse box will be supplied and fixed by the 
Corporation, The consunier's mains must be brought out 
as far as the fuse box and the ends left ready for sweating 
in, which will be done by the Corporfttion. Tho Corporation 
will sup ply » fix and keep in repair, a suitable meter on the 
coneunier^s premises on the house side of the main fuie. 
For connection to this meter the contractor must lea%^e a 
bight of from 5 to 6 feet long, but the connection will in all 
cases be made by the Corporation, A rent will be charged 
quarterly for the liire of the meter. 

The consumer must fix two single pole cut-outs and two 
single pole switches inunediately following the meter thus : 




The Coqioration, on receiving proper notice in writing 
addre^Hcd to the Superintenileiit of Mains, will point out 
the position which tiicir main fuse box and meter wiU 
occupy. 

Main Fuses. 

The Corporation'^ main fuses mu^t under no circnmstances 
whatever be inserted by the consumer or by contractors, 
but by the Corporation only. These will not be inserted 
imtil the wiring of the premises has been tested and passe^d. 
If at any time the main fuse should faih the consmner slionld 
at once inform the Corporation, so that a new fuse can be 
inserted. 

226 



Digitized by VjOOQ IC 



INTERNAL WIRING 0? BUILDINGS 



WnHNO. 

All the work upon consumer's premises must be caxried 
out in accordance with the rules issued by the Institute of 
Electrical Engineers and the Fire Insurance Company 
under which the premises are insured. 

Testing. 

The contractor is to send notice to the Superintendent 
of Mains that the wiring is ready for testing at least four 
deys before the supply is required. On receipt of this 
notice the Corporation will fix a date and time for testing. 
The contractor's representative must be present at this 
test, which will be made free of charge. If the work is not 
ready, or if it fail to pass the test, a fee of 10«. 6d. must be 
paid before another test can be made. The test is made 
from the Corporation's cut-out, and consists of an insulation 
test between the wires and between each wire and earth, 
when every bra-nch fuse hfiis been inserted, ail switches 
turned on, and the lamps removed. 

The test will be made in accordance with the rules of the 
Institution of Electrical Engineers, and the Corporation 
will not supply current to any installation which fails to 
reach the standard there specified. 

In installations where there are any temporary wires or 
fittings, or where the work is incomplete, the Corporation 
must be duly informed, and they will not connect unless 
they are satisfied as to the precautions taken. 

After the test the lamps must all be inserted, and they 
will be inspected to see that every lamp Ughts properly. 

Subsequent additions to the lights must be tested in the 
same manner as the original lights. Neglect to give notice 
of such additions may involve, at the discretion of the Cor- 
poration, the whole supply being cut off until the proper 
tests have been made. 



227 



Digitized by 



Google 



INTERNAL WIRING O^ ftUILDlNGS 

Inspectton. 

The Inspector or other authorized officer of the Corporation 
Lb to have free access at any reasonable times to ascertain 
the quantity of electricity supplied and to examine the 
meter and main fuse. 

The official Board of Trade regulations provide that if the 
Corporation are reasonably satisfied, after making all proper 
examination by testing or otherwise, that there exists upon 
the premises of a consumer a leakage of such extent as to 
be a source of danger, then and in such case any officer, duly 
authorized by the Corporation, may for the purpose of 
discovering whether the leakage exists upon the consumer's 
premises, by notice require the consumer to permit him 
to inspect and test the wires and fittings belonging to the 
consumer. 

If, on such testing, the officer discovers a leakage from the 
consumer's wires exceeding 1/10,000 part of the maximum 
supply current to the premises, or if the consimier does not 
give all due facilities for inspection and testing, the Cor- 
poration shall forthwith discontinue the supply of energy 
to the premises in question, giving immediate notice of the 
discontinuance to the consimier, €«id shall not re-commence 
the supply until they are reasonably satisfied that the 
leakiige has been removed. 

Motors. 

The starting and stopping switch and resistance must be 
so arranged that the first contact gives not more than 10 
per cent, of the full working current, emd that the increase 
or decrease of current takes place by steps of not more than 
10 per cent. The starting or stopping of the motor must 
not, under any circumstances, cause visible disturbance to 
any lights upon its own or neighbouring circuits. 

Motors having an output of 4 h.p. and over will be connected 
to the Corporation's 400 volts mains, and must comply 
with the Board of Trade regulations, which at present are 
as follows : — 
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1. A joint application to be sent to the Board of Trade 

signed by the consumer and the Corporation. 
(Forms of application can be obtained from the 
Corporation.) 

2. The frame and shaft of every electric motor intended 

to be worked at the pressure specified (400 volts) 
shall be efficiently connected with earth. 

3. The electric lines forming the connections to motors, 

or otherwise in connection with this supply, and 
placed upon the premises of the consumer, shall 
be, as far as practicable, completely enclosed in 
strong metal casing efficiently connected with 
earth. 

4. The supply to every motor shall be controlled by 

means of a sufficient cut-off switch, placed in 
such a position as to be easily handled by the 
person in charge of the motor, and connected so 
that by its means all pressure can be cut off from 
the motor itself, and from any regulating switch, 
resistance or other device in connection therewith. 

Efficient fuses or other automatic cut-outs shall also 
be provided, so as to protect the branch circuit 
on each side of every motor from excess of current. 

The above-mentioned switches and cut-outs shall 
be so enclosed and protected that there shall be 
no danger of any shock being obtained in the 
ordinary handling thereof, or from any fire being 
caused by their normal or abnormal action. 

5. A notice shall be fixed, in a conspicuous position, 

at every motor and switch-board in connection 
with this supply, forbidding unauthorized persons 
to touch the motor or apparatus. 
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BULES OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS. 

GENERAL RULES RECOMMENDED FOR 

WIRING FOR THE SUPPLY OF 

ELECTRICAL ENERGY. 



Fife Offtcfta. 



1. These Rules embody the requirements and 
precautions wliich tlie Institution of Electrical 
Engineers has framed to secnre satisfactory results 
witli a supply of electrical onergy at low pressures, 
not exceetiing 250 volte. They arc intended to 
hiclude only siucli requirements and precautions as 
are generally neceRfiaryt but they are intended neither 
tcj take the place of a detailed specification, nor to 
instruct untrained persons. 

For niediiun pressures exceeding 250 volte but not 
exceeding 650 volts» the additional requLrenientri 
and precautions are contained in the Board of Trade 
Kcgulations whieli are set out on pages 2ijiij 257, as 
far as they relate to conditions similar to those in- 
tended to be covered by these Rules. The Home 
Office Special Rules for the Installation and Use of 
Electricity in Mines are set out on pages 259 to 272, 

2, Notice of the introduction of wiring should in 
all caaesi be given to the Fire Offices insuring the rbk^ 
and their suggestions respecting any details not 
covered by these rules or any deviations arising from 
gjieeial CO nditio ns sho uld be ad opted , Wl i en the supply 
is to be obtained from an external source, notice 
should be given to the i^uppliers be£ore wiring. 
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Definitions of Certain Terms used in thesb 
Rules. 

3. Three-wire System, — A three- wire system is one 
in which three conductors are maintained at different 
potentials, the conductor at a potential intermediate 
between the highest and lowest being common to 
all lamps or other consuming devices supplied on 
either side of the system. 

4. Neutral Conductor, — The neutral conductor of 
a three-wire system is the conductor which is at a 
potential intermediate between the potentials of the 
outer conductors. 

5. Outer Conductor, — The outer conductors of a 
three-wire system are those between which there is 
the greatest difference of potential. 

Note, — This specialized use of the word ** outer " 
must not be confused with the non-technical 
use of the word when applied to the external 
conductor of a concentric main which 
physically surrounds the other conductor 
or conductors of such main. 

6. Earthed Condu^ctor, — ^A conductor is said to be 
earthed when it is connected to the general mass of 
the earth in such a manner as will ensure at all times 
an immediate and safe discharge of electrical energy. 

7. Uninsulated Condu^ctor, — A conductor is said to 
be uninsulated when, although not earthed, no 
provision is made by the interposition of a dielectric 
or otherwise for its insulation from earth. 

8. Bunching of Conductors, — Conductors are said 
to be bunched when more than one is contained 
within a single duct or groove. 

9. Single-pole Switches, — Single-pole switches are 
switches interrupting one conductor only of a circuit. 

10. Linked Switches. — Linked switches are single- 
pole switches fixed on conductors of different polarity 
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linked together mechanically bo aa to operate Bimul- 
taneoufily. 

IK DiehctTie.^^A dielectric is any material which 
by its nature or tlio method of its application to a 
conductor permanently offers high resistance to the 
passage of current and of disruptive diseliarge through 
itself, 

12. Grade of Insulntion. — ^A cable is said to be of 
I.E.E. 600 or 2»500 megohm grade when its miniminn 
insulation is that shown in cols, 5 and 6t respectively, 
of tlie Table when tested at 60 deg, F, (15-6 deg. C.) 
after one minute^s electrification and twenty-four 
hours' immersion in ^?ater. 

13, VetUilaled Motors.^ X ventilated motor is 
on© in wliich, while ventilation is provided for, access 
to the armature, field coils, and other hve parts is 
only to be obtained by opening a door in^ or renioWng 
a part of, tlje enclosing case. 

H. Totullif Encloaed Motors . — A totally enclosed 
motor is one in which all the live parte, whether in- 
sulated or not, are totally enclosed, as in paragraph 13, 
but withoat pi?o vision for internal ventilation. 



LOW PRESSURES NOT EXCEEDING 250 VOLTS, 

GE^'ERAXi Arhangemen^t, 

ControL 15, Every system must be protected by linked 

main switches or linked switch-fuses under the 
control of the consumer, and these must be easily 
accessible and placed as near the generator or the 
entry of supply as eireum stances permit* 

Interrupt irtn 18, When one of the main conductors of a system, 

of supply is earthed^ no interruption of the current 
is permitted in a conductor connected to the earthed 
main, imless a simultaneous break is effected on the 
non-earthed conductor. Hence, to ensure the current 
bein; interrupted simultaneously on both the earthed 
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and the non-earthed wires, no switch or switch-fuse 
that is not linked to another switch or switch-fuse 
on the non-earthed conductor may be inserted in any 
conductor connected to an earthed main. 

17. No fuse may be placed in the neutral conductor Fuses in 
of a three-wire or other multiple-wire system, but wire 
fuses must be placed on both conductors of two-wire ^ys^enn. 
circuits branching therefrom. This does not prevent 

the use of a disconnecting link in the neutral conductor 
for testing ptuposes. 

18. When the wiring is such that one conductor Uninsulated 
is uninsulated at all points — such as a bare return to a 
concentric system — no switch or fuse may be placed 

in that conductor, and the said conductor must be 
efficiently e€u*thed. 

1 9. When the pressure between the outer conductors Introduction 
of a three-wire system exceeds 260 volts and the three wire system 
wires of the system or two pairs of wires are brought pJ^J^j^^ 
into premises, the supply shall be given to two pairs 

of terminals arranged so as to minimize the danger of 
shock, and the wiring from these terminals shall be 
kept distinct throughout, and so arranged that a 
person cannot simultaneously touch two points respec- 
tively in contact with the outer conductors. In the 
case of other multiple- wire systems similar principles 
shall be applied. 

20. When energy is taken from all the conductors Protection 
of a two-phase or three-phase system, the conductors sySems^*** 
must be protected, either by an automatic triple-pole 
circuit-breaker, or by a fuse on each pole in conjunc- 
tion with a triple-linked switch ; or by three switch- 
fuses. 

21. Conductors must radiate from distributing Current in 
centres, and in large systems from those centres to suSrcutts! 
sub-centres, so that no final sub-circuit canies more 

than 6 amperes up to 125 volts, or more than 3 
ampdree from 125 to 250 volts, for incandescent 
lighting. The sub-circuits for small heaters must not 
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Sub-drrtiits. 



E^rth^ng. 



Caa-pipea. 



G«i-pLp«», 



Goncentita 
Wiring. 



BftrthlTigln 



InflAninuible 
UKom and 



carry more than 15 amperes up to 125 valts, or more 
tlian 10 amperes from 125 to 250 volts, and they 
must be protected by a fuse on each pole. Heaters 
and apparatus exceeding the lO-ampere limit miist 
comply mth paragraph Ql (e) (I) and (2). 

22- Every sub -circuit must be protected on each 
pole by a fuse (par. 18). 

23. Wlieti protected from mechanical injury by 
niefcal tubes or conduits [par. 46 (c*)], conductors of 
opposite polarity may be bundled, and when, carrying 
small currents for incandescent lighting, from sub- 
centres, BH ill paragraph 21, they may also, if without 
joLnta, be bunched when the protecting tubing ur 
casing is non-metallic* If tlie supply is alternating 
and the protection metallic, the lead and return 
conductors must be bunched, 

24. Wliere metallic sheathing or tubing is used it 
must be electrically and mechanically continuous 
and coimected to earth* The conductor (earth- wire) 
ustKi for the purpose of earthing must he of copper, 
and of a sectional area not less than that of No. 14 

s.w.a. 

25. There must be no contact between conductors 
(or tlieir insulating material ^ metallic sheathing or 
tubing) and gaa-pipes. Non-conducting distance- 
pieces must be used where neceesaiy* 

26. ClaB-pipes must never be used to obtain an 
earth connection* 

27. Where concentric wiring with an uninsidated 
external conductor is used, this system of wiring 
must be employed throughout, except for fittings aiid 
pendant flexibles. 

28. Wlien the mains are earthed at one point, the 
external conductor of a concentric system is the 
conductor to bo connected to tlie earthed main, 

29. In places where inflanimablo or explosive dust, 
ga.sei^. or vapours are hable to be present, dynamos, 
&Ea lamps, Nernst lamps, and connectors must not hQ 
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used. In such situations, incandescent lamps must» 
with their holders, be enclosed in air-tight fittings of 
thick glass ; switches, fuses and resistances must 
be enclosed in gas-tight boxes or break under oil ; 
and motors, with their live parts, starters, terminals 
and connections, must be completely enclosed (par. 
Ul (d)] in flame- tight enclosures made of uninflammable 
material. 

30. Except where completely enclosed in a metallic Damp 
casing, no switch, ceiling-rose, cut-out, connector, or 
other electrical accessory, may be mounted directly 
upon any siu*face of a condensing or humid nature, 
such as masonry or brickwork, but must, in addition 
to its own mount, be fixed upon a base block rendered 
impervious to moisture. 



Conductors — Size and Conductivity. 

31. Excepting for wiring fittings, the sectional size. 
area (see Table) of any copper conductor must not 

be less than that of No. 18 S.W.G. It must be 
assumed that, at least, 60 watts may be consumed at 
any point (par. 97). 

32. The size of conductors within a building will. Sire, 
subject to paragraphs 31 and 35, be determined by 

the permissible drop in volts, which should not exceed 
2 per cent, on lighting circuits. 

33. Covered copper conductors should be of soft Conduo- 
copper, and should have a conductivity not less than 

that of the E.S.C. standard (par. 113) ; where sulphur Sulphur, 
compounds are present in any part of the insulating 
material the copper in cont€U3t with the insulating 
material must be protected thereform by turning or 
otherwise. 

34. All covered copper conductors having a greater stranding, 
area than that of a No. 14 S.W.G. wire must be 
stranded. 
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T*ble- 35. The Table appended shows the sizes of copper 

conductors which w^U safely c^arry currents up to 760 
amperes, and the length in yards of single conductor 
in circuit for each volt of fall of potential when the 
maximum continuous current is in ufi©. 



Tempcm- 



Rubber, 



Fiiper and 
Fibre. 



Thtckneaii 



TOfltfl, 



CONU UCTOKS — I NSUtwiTIOK. 

35. Conductors* except as provided in paragraph 52, 
must be specially insulated with material which does 
not deteriorate at the highest teinperature to which 
it will be subjected : for instance* rubber must not he 
allowed to exceed 130 deg. F. {.'>4^4 deg. CO. and paper 
or fibre must not be allowed to exceed 17ft deg, F, 
(80 deg. CO 

37* The insulating material on any conductor 
other than a flexible must be throughout either — 

A, A dielectric, such as vulcanized rubber of 
the best quality^ which is impervious t-o 
moisture and only needs mechanical pro- 
tection (par. 46). (** Dielectric " does not 
include braiding or taping.) Or 

B. A dielectric, such aHi paper or fibre, wliicli 
nuist be kept jierfectly dry, and therefore 
needs to be encased in a waterproof sheath, 
generally of soft metal, such as leatl, drawn 
closely over the dielectric, 

38. The radial thickness of vulcanized rubber must 
be not less than that given in columns 9 and 10 of the 
Table, or in proportion thereto. The radial thickness 
of dielectrics of Class B must be not less than that 
given in Column 1 1 of the Tabic. The dielectric must 
not soften sufficientiy to allow decentraliKation at a 
lower temperature than 176 deg. Fahr. (SO deg, C.) 

39, The dielectric must be sucli that when the 
insulated conductor has been immersed in water for 
twentjr-four hours it wdll, while still hnmersed, with- 
starid 2,000 volt^ for half an hour between the con- 
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ductors or between the' conductor and the water, the 
test pressure being applied with alternating current 
at a frequency of 50, the E.M.F. curve being .as 
nearly as possible a sine-wave. 

40. The minimum insulation resistance should be insulation 
that given in colimms 5 and 6 of the Table for vul- Resistance, 
canized rubber, and that in column 7 for Class B, 

the test bein^ made at 60 deg. F. (16-6 deg. C.) after 
one minute's electrification at 500 volts, and after the 
insulated conductor has been immersed in water for 
the twenty-foiu* hours immediately preceding the 
test. 

41. The insulation resistcuice between the members Twin 

of twin-conductors should be not lower than the Conductors, 
corresponding insulation resistances in the Table. 

42. Conductors insulated as in Class A must be Taping and 
taped and braided if drawn into conduits, and at braiding, 
least taped if laid in casing. 

43. Concentric conductors (pars. 18, 27, and 28) ^nJ®,^*^^^ 
should in all respects conform to the requirements 

laid down for single conductors ; the insulation 
resistance of the dielectric separating the two con- 
ductors must be that given in the Table for single 
conductors having the same diameter as the inner 
conductor. The insulation resistance of the d^lectric 
on the external conductor, where insulated, must be 
that given in the Table for single conductors having 
the same diameter as the outside diameter of the 
external conductor. 

Conductors — ^Flexible. 

44. Flexibles must be of a sectional area not less mze. 
than that equivalent to No. 22 S.W.G.,^ and they 
must be made up of wires twisted together on a short 
lay, the sectional area of etwjh wire being not greater 
than that of No. 36 S.W.G. The insulating material 

1 The following have a sectional area equivalent to No. 22 
&W.G. : 34/40, 22/38, 14/36. 
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of DiElectric. 



Dtetectric, used aa the dit?lectrio mufit be pure rubber equal to 
wai^Led Para rubber of the best quality or vulcanized 
rubber at the best quality. Pure rubber insulation 
is best fluted for flexible^ intended for use vvitli 
pendants. Purr; I'ubber must be laid on in two 
layers, care boing taken tliat each layer overlaps, and 
the radial thicknefts of the dielectric! tnunt not be Jess 
than 20 mils. Each coil of pure rubber flexible 
muBt b© tested for 15 minutes with a pressure of 
I^50(> volts alternating between the conductors at a 
frequency of 5il Vti learn sed rubber flexible must be 
insnJated with one layer of pure rubber and two 
layers of vuk^anized rubber, and the radial thickness 
of the dieleetrio must not be lesB than 34 mils. Each 
coiJ of vulcanized rubber flexible must be tested for 
15 rainutefl with a pressure of 1,500 volta alternating 
at a friTjuency of 50, after twenty-four hom's' itn- 
nierj^ion in water and w^Fiile *?till immersed. When 
sulphur m present, the in8ulating material must not 
be in direct contact with the ec)pper wires. 

45. FlexibleB (par??. 25, 51, 7J> and 76) may be used 
only for attaching to pendant or port-able appliances, 
or for sub-circuits under the conditions of paragraph 46 
{v). They must not be used in any position out of sight 
except where passing directly through walls, when 
they must be protected in incombustible w^ater- tight 
conduite. They must not pass tlirough floor b. The 

Oonu^ttouB. connection betw^een flexibles and hard wires may only 
be effected by fneanis of screw-down terminala in 
junction boxes or ceiling roses ^ and where flexible*! 
from fittings must pass into a ceiling they must be 
enclosed in conduits up to a metal junction box. 



Siilphur, 



Where 



Condulti, 



CoNnucTOBS— Fixing ^nh Suppobting, 
46. Conductors (excepting flexibles) insulated as in 
Gasseg A and B (par. 37) : — 

(a) May be enclosed in steel conduits with details 
and acceesorieB complying with the Britiah 
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Standard Specification for ** Steel Conduits 
for Electrical Wiring " or in brass or copper 
conduits ; but all conduit systems must be 
electrically and mechanically continuous 
throughout, have all outlets bushed to prevent 
abrasion, and be connected to earth (pars. 
25 and 26). In dry places isolated single 
lengths of tubing need not be earthed if 
adequately enamelled, or otherwise insulated, 
externally. In damp places the conduit 
system must be water-tight. Conduits must 
be efficiently drained if liable to internal 
condensation. Sharp bends or elbows are 
prohibited, but inspection elbows are per- 
missible. 
(6) May be enclosed in wood casing in dry Wood 
places where not buried in pleister or cement 
nor exposed to moisture. Unless efficiently 
protected from drip, wood casing must not 
be fixed immediately below, and in no case 
must touch, water pipes. Conductors ceury- 
ing more than 5 amperes must be laid 
singly in separate grooves, 
(c) May be without mechanical protection (i.e., Conductors 
without conduit, armouring, etc.) where Medmnicai 
not exposed to injury, but they must be Protection, 
supported in such a manner as to secure the 
permanent spacing of the conductors from 
walls, ceilings, and all structural mete^l work 
and metal piping. When carrying more 
than 6 amperes they must also be spaced 
from each other, tmless they are of the 
multiple-core or concentric types. Such 
spacing is not, however, necessary if the 
conductors are lead-covered (par 25). 
47. Unenclosed leeid-covered conductors must be Lead- 
supported on a continuous wood fillet or fastened by ^ductors. 
brocKl clips, which, in damp places, must be of lead. 
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48. Conductors where exposed to injury (e,g., whcrts 
passing out of floors), mujfit be sptK^ tally protected by 
stout conduits or boxing, and where passing through 
walls, partitions, or ooilings, they must be enclosed in 
porcelain or otber protecting conduits. 

49. Conductors passing through iiarty walls or fire- 
resisting floors must be provided with special pro- 
tection, such as a close-fitting porcelain or other 
incombuBtible tube, to prevent tfin spread of fire 
thrtmgh the openings, Wlien the end of the tub© 
is outside the biuldlng, it should be bell-mouthed or 
bushed, and turned downwards. 

50. Conductors buried in iilastor must b© provided 
with niechanical protection. 

51. Metal stai>!i:^ must not be used lor fi^ng 
unarmoured conductors- 



Con DUCTORS — B are . 

52, Bare conductors without any insulating cover- 
ing may bo used indoors — 

{a) As collector wires for travelling c-ranes and 
similar apjilianoes, but they must be so 
supported upon insulatui^s as to prevent 
contact between the conduct-fjrs them selves, 
or between the conductors and the wails or 
the structural or other metal work, should a 
collector wire be displaced honi any in- 
sulator. The insulation at each straining 
point (i.e., at the end of eacii wire) must 
consist of tw^o strain insulators placed in 
series. The current must be under con^plete 
control by means of a switch and a fuse, or 
a switch-fuse, in each sujiply conductor. 
Lightning arresters must be fitted if the bare 
wiring extends to an exposed position in 
the open, 
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(h) As trolley wires for locomotives, lib cranes, i^^o- 
^ ' , . ., ,. , 1 , motives. Jib 

and similar appliances, but they must be cranes. 

insulated by means of two strain insulators 

places in series between ea^h wire and 

** earth " at their points of support. Wall 

rosettes or brackets used as supports for 

span wires should not be fixed within one foot 

of any gas pipe. Controlling switches and 

fuses, or switch-fuses, and lightning arresters 

must be provided as under (a). 

(c) As battery connections, but such conductors Batteries. 
must be well spaced from ea^h other and 
from all structural or other metal work, 
and be rigidly supported on insulators. 

{d) For other purposes, under special circum- Power 
stances and in positions inaccessible to 
unauthorized persons, but permission for 
such use should be previously obtained from 
the Fire Offices insuring the risk. 

Joints ajstd Connections. 

63. Joints constitute a source of weakness and 
should be avoided whenever possible. 

54. Joints, when unavoidable, must be accessible, 
and they must be mechanically and electrically perfect 
to prevent heat being generated. All joints must be 
soldered. Soldering fluids containing acid, or other 
corrosive substances, must not be used. 

When junction-boxes are used they must be so Junction 
constructed that — 

(a) the conductors cannot be readily short- 
circuited ; 
(6) the insulation between opposite poles is 
rigid and durable ; 

(c) the connections do not he it ; 

(d) if used in damp places, moisture is excluded 

by suitable means. 
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S5. In joiating conductora the braid, tape or lead 
mi^at he carefully removed without damage to the 
dielectric, and for a sufficient lenj^h to en siu'e a thorough 
union between the diele<^tric and the material used to 
insulate tlie joint. If the inatilatiug material 1:3 not 
waterproof, it must be covered with an impervious 
sleeve or box, wliioli must make a water-tight joint on 
each side of the junc;ticm. Care must he taken to 
exchide moisture during the operation, 

55. Looping shoidd be employed to avoid Jointa on 
small conductors. 

57. Where conductors are connected to switches, 
fuses, junetion- boxes, or other appliances, the whole 
of tlio separate wires forming tlie stranded or flexible 
conductor nuist bo contained within the terminal p 
The dielectric must not be bared l>aek further than 
to allow the conduct or to enter the terminals properly, 
and the enda of tiie insulation Class B should be 
sealed. 

58 » With dielectrics of Claris B, the exposed ends of 
conductora, where they enter the terminals of switches* 
fuses, and otlrer ajipliances, must be protected from 
moifiture which might creep along the insulating 
material within the waterproof sheath. 

59 . Wl lere con (I uc tors en ter the terminal i>f switches, 
fuses and otlier appliances, the braid, lead, or other 
covering must be cut hank fri>m the end of the 
dielectric, which must be waterproofed. In damp 
places tlie strands of conductors of Class B should be 
soldered to prevent moisture creeping along the 
copper beneath the insulating material. 

liO. Conductors of larger sectional area tlian tliat 
of 7/18 S.W.G. must be soldered to proper higs for 
connection, Wliere there is any possibility of stress 
on the lugs the conductors must be secured, in addi- 
tion to the soldering, by some me^jhanical device, such 
as one or more grub-screws. 
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Switch and Distribution Boards. 

61. Main and distribution switch and fuse boards 
must be fixed in a dry situation, and be so arranged 
that a fire thereon cannot spread, whether occurring 
at the front or back. Their bases must be of in- 
combustible and insulating material, with moisture- 
proof bushes fitted at the points of support if the 
material is hygroscopic. The possibility of a per- 
manent arc must be prevented either by sufficient 
spacing of all live parts, or by the use of separating 
partitions. 

62. Connections at the back of main boards must 
be accessible, symmetrically placed, and spaced apart, 
and, unless protected from acid fumes, must not 
project into battery rooms. 

63. Switchboard circuits should be labelled for 
identification. 

64. No open-type fuses may be placed at the back 
of switchboards. 

65. The cases of instruments, if metallic, must be 
insulated from the circuits. 

66. Every voltmeter or pilot lamp with its connect- 
ing wires should be protected by a fuse on each pole. 

67. Combination switch and fuse boxes must be so 
arranged that it is possible to operate a switch without 
uncovering the fuses, if of the open type. 

68. When fuses are of the open type and grouped 
together, the case of the distribution board will be a 
sufficient protection from the fused metal provided 
the distance from cover to fuse exceeds one inch with 
glass-fronted cases. If made of wood, the case must be 
protected with fire-resisting material, and a clearance 
of one and a half inches should be provided. 

Switches. 

69. Switches (pars. 29 and 30), whether fixed 
separately or combined with lampholders or fittings, 
must comply with the following requirements : — 
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(a) Overheating iiiust not tako place at the 
point of contact or el&ewhere, when the fuU 
current flowtt continuously. 

{h) They musit ha incapable of forming a per- 
manent arc when breaking circuit. Switches 
should be te^tetl with prcfifiures and current-s 
50 per cent, in excess of those which will be 
used on tlie circuits for wluch they are 
intende<l. 

(c) The ba^ea n:iust be of incombustible non- 
conducting and moisture-proof material, 

{d) Unless plated in an engine-room or in a com^ 
part men t specially arranged for t)ie purposOt 
switches must have their live parts covered. 
Tbe covers must be of incombustible 
material t and nuist he either non-c:onducting 
or of rigid tiiet^l, and clear of all internal 
mechanism. For more than 5 amperes, at 
pressures over 125 volts, metal covers must 
be lined with insulating jnatcrial. 

{e) Switches in positions liable to injury, or 
contact with goods, should be further 
protected by an open-fronted box or other 
Biii table guard. 

(/) Handles must be insulated and so arranged 
that the hand cannot touch hvo metal, or 
he injured through an adjacent fuse blowing. 



Ovtf. 



70. Fuses {pars. 29, 30, and G8) must comply with 
the following requirements : — 

(a) No overheating of any part must take place 

when the full current flow^s eontinuout^ly. 
(6) They shall effectually interrupt the current 
when a short-circuit occurs, and also when 
the current through them exceeds the work- 
ing rate by 200 per cent., the current flowing 
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under the normal pressure, but they must 
be so proportioned to the current to be 
carried that no conductor protected by 
them can be raised in temperature above 
that specified in paragraph 36. 

(c) The terminals must be so spaced apart or Terminals, 
screened that an arc cannot be medntained 
when the fuse is blown. 

{d) The bases must be of incombustible, non- Bases, 
conducting, and moisture-proof material. 

(c) Unless placed in an engine-room or in a coven. 
compartment specially arranged for the 
purpose, fuses must have covers to retedn 
the fused metal. The covers must be of 
incombustible material, and must either 
be non-conducting or of rigid metal lined 
with insulating incombustible materieJ, 
and clecur of all live parts. Small, close- 
fitting covers should be perforated for 
ventilation. 

(/) Fuses must not be placed in wall-sockets. Wall 

ceiling roses, lampholders, or connectors. e , e . 

{g) Separate single fuses, and not double-pole pressures 
fuses, must be used on circuits where the vofts?^ 
pressure exceeds 125 volts. 

71. Branch fuses must be grouped together in SjJ^?^ 
€u;cessible positions in sight, and should be symmetri- 
cally placed and labelled for each circuit. 

72. Note, — Hard metal is recommended for fuses. 
Soft metal fuses should be soldered to hard metal 
cont€M;t pieces. As a practical guide, fuses may be 
considered too large if they are not perceptibly warm 
to the touch when carrying full load, and too small 
if they hiss when moistened. Precautions agcdnst 
shock must be taken when applying this test. 
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Connectors, 

73- Connectors (pars, 2D and 30) iitiist be capable 
o£ withstanding a to^t with pressure and current 50 
per cent, in excf^H^ c)f those for which they are in- 
tended. Fixed connectors must liftvo tnconiV>iistlble 
bases, and in damp places special water-tight con- 
nectors must be used. Wljore the fixed part of a 
coimeetor is attachtxl to a floor it must be so arranged 
that no dust or wator can accumulate, that all contacts 
are well below the floor-level, and tliat any possibility 
of danger from contact of live metal with carpets is 
avoided. Provision should be made to facilitate 
inspection. 

74, Connectors must be construe t.ed so that tliey 
cannot be readily abort-circuited. Clearances should 
be such that an arc cannot be started if the connector 
is i)ulled out wliile the current ia fio\\dng. 

75. Flexibles for portal jle fittings mufit end in a 
connecter, 

70. Every connecfcert or group of conneotors, must 
be independently controlled by a switch on the live 
side of the connector. To avoid leaving the flexibles 
live, it is perferable that the portable flttings them- 
selves should not be provided with switches. 



Ceiling Koses. 
77. Ceiling roses (par, 30) must comply with the 
following requirenienta i— 
Bsaea, (a) The ba^os nmat be of incombustible, non- 

conducting and moisture- proof material ; 
CoTOTi* (6) The covers must be of incombustible material, 

and mufit bo either non-conducting, or of 
rigid metal clear of all live parts ; 
Tettuinnb, {c) The terminals must be relieved of the direct 

pull of the attached conductor and fitting, 
and be so arranged that no short circuit can 
take place ; 
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{d) They must not be used for attachment to riexiblea. 
more than two pairs of flexibles, unless 
specially designed for multiple pendants. 



Fittings for Supporting Lamps. 

78. Wherever brackets, electroliers, or standards Tubes and 
require to have the conductors threaded through tubes 

or channels formed in the metal work, these must be 
of ample size and have no sharp angles or projecting 
edges, which would be liable to damage the insulating 
material, and the open ends should, where possible, 
be bushed. 

79. Where possible the conductors should be carried Joints, 
without joints through the fittings to the lamps ; but 
where connections at the fittings are unavoidable, 
special care must be taken to make the joints equal in 
conductivity and insulation to the rest of the work 
(par. 45). 

80. Combined gas and electric fittings must not be Gas-flttings. 
used. 

81. If disused gas-fittings are adapted for electric Gas-pipes, 
light, they must be entirely disconnected from the 
gas-pipes. 

Lampholders. 

82. Lampholders (pars. 29 and 86) must — 
(a) be incombustible ; 

(6) b3 specially designed if for currents above 1 J 

amperes ; 
(c) not be hiuig from flexibles exposed to the 

weather ; 
{d) not contain a switch if for pressures above 250 

volts. 

83. Switch lampholders must be controlled, pre- Wall 
ferably in groups of not more than ten, by a wall- 
switch. 
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84. Arc lamps (par* 29) must — 

(a) be giiardtxl by lanterns or globes arranged to 

intercept falling particles of carbon ; 

^o(e.^ Lanterns or globes may be dispcn&ed 
with where an open arc is os^^ential, as in 
photography, and where no combustible 
material is present, as in a foundry ; but 
the flooring immediately under the lamp, if 
of a combustible nature, mu^t be protei?ted 
from falling particles of carbon. Open 
inverted arc lamps, in the presence of com- 
bufittblo matter, must have metal reflec- 
tors rigidly attached beneath the arc, 
which at all times must be below the level of 
the upper edge of the reflector. Tho 
reflector must project at least 15 inches 
measured horizontally beyond the arc on 
all sides, 

(b) be insulated from their support ; 

{c) be fixed so that their cases cannot come into 
contact with any metalhc object ; 

[d) have their leading-in wires protect^ from 
rain ; 

(b) be controlled by linked switches and pro- 
tected by a fuse on each pole. 



Combustible 
HiLtciLaLi. 



Incandescent Lai^ips. 

8*1. Incandescent lamps must^ 

(a) Not be placed in close proximity to com- 
bustible materials unless specially protected ; 
shades made of combustible materials must 
be kept free from contact \\ith the lamps 
and their holders by suitable guards or 
BUpports ; celluloid or similar material must 
not be used for shades and candle tubes; 
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(h) Be fitted with guards if placed in positions Guards, 
where goods are liable to be stacked in 
contact with them ; 

(c) With their holders, be enclosed in air-tight inflammable 
fittings of thick gltiss, if placed in positions ^J^t**"*^ 
where they are exposed to inflammable 
vapour or gas or to excessive dust or flyings, 
as in dust-roo"fs and in raising-rooms. 

86. Lamps caps of which the insulating material is Caps, 
hygroscopic must not be used in damp pla,ces unless 

the lampholder is insulated from its support. 

87. Lamps of the Nemst type must comply with Nemst 
the requirements of paragraphs 29, 84 (a), (6), (c), °^^*' 
(d), and 85. 

Heaters. 

88. Heaters [pars. 21 and 82 (6)] must be — 

(a) so constructed and mounted that their Over- 
supports and connections cannot become ®* ^^' 
overheated, precautions being taken with 
regard to their surroundings as in the case 
of non-electrical heating appliances. They 
must not be pla,ced in close proximity to 
combustible materials, unless suitably pro- 
tected ; 

(6) independently controlled by a switeh on the Switches, 
live side of the connector, the connectors 
being so arranged that the live end of the 
coupling is not exposed to accidental short- 
circuiting or injury. 

89. Radiator circuits must be protected by a fuse ^seaand 
on each pole and by a wall-switch in each room. switches. 

Resistances, Choking Coils, and Alternating 
Current Transformers. 

90. The Uve parts (par. 29) of the above must be — Supporting, 
(o) carried on frames or supports and enclosed 

in cases. These frames, supports, and cases 
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must be of incoiDbiistible material efficiently 
iiiBiilated from the conductora ; 

(6) amply ventilated. Where there is dftnger of 
iiiflainmable dust or flj^ings entering, aper- 
tures in the cases niui^t be protect-ed by fine- 
meah wire gau^e or by finely -perforated sheet 
metal ; 

(c) so proportioned that their oases cannot attain 
a temperatxire exceetling 176 deg, F, 
(80^ a); 

{d] so fixed that no unprot^Bct^d cjombiistible 
material is within 6 itichea of the frames or 
ca&e^ containing thetn^ or within 24 inches 
measured vertically above them. 



Combnatiblo 



Wood 
¥1dois. 



Inflamitublo 
Duat. 



MOTOES. 

91. Motors (par. 20) rated at more tlian one-third 
of a horse-power must comply with the following 
requirements :— 

{a) They must bo protected from damp, dust, 
and mechanical injury, 

(h) They must be so placed that no unprotected 
woodwork or combustible material be 
within a distance of 12 incJies from them 
measured liorizontally, or witliin 4 feet 
measured vertically above them, unless 
they are of a totally enclosed t^^ie (par. 14), 

(c) When mounted upon wood flooring, unless 
of tJxe totally enclosed or ventilat-ed tyj^e 
(par. 13), tliey must have a sheet of metal 
inserted between them and such flouring. 
If elevated over wood flooring they must 
either Fest upon a metal i^Iate or have a 
metal plate suspended immediately l>elow 
them. 

{d) In positions exposed to inflammable dust or 
flyings J or where conibii^fctble material are 
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manipulated or stored, they must be either 
of the totally enclosed or of the ventilated 
type, provided that any ventilating openings 
in the cases of continuous-current machines 
are protected by fine-mesh wire gauze or by 
finely perforated sheet metal, and that all 
slip rings, commutators, and brushes are 
totally enclosed. Inspection openings fitted 
with plate glass or fine-mesh wire gauze are 
allowed. Induction motors may have un- 
protected ventilating holes in their metal 
cases, but sHp rings or brushes or any sliding 
contacts must be completely enclosed in 
metal cases. 

(e) They must be controlled by a switch and a Control, 
fuse, or by a handgrip fuse, or by a circuit- 
breaker, on one conductor ; and by one of 
these devices on the other conductor (par. 18). 

(/) The starting gear of a continuous-current Storting 
motor must consist of a regulating switch and 
a series resistance, fitted with a no-volt 
release. 

(q) The shunt circuit of any motor must be so 5|^"°* 
connected that the field is excited before the 
armature circuit is completed. 

{h) Every alternating-current motor must be Alternating- 
provided with a suitable starting device and J^JJ^"* 
with a no-volt release. Large motors should 
have linked circuit-breakers on the con- 
ductors. 

Dynamos. 

92. Dynamos (par. 29) must comply with the 
following requirements : — 

(o) They must not be placed in positions exposed inflammable 
to inflammable dust or flyings, nor where 
combustible materials are manipulated or 
stored. 
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(6) They nrnst be protected from damp, dust, 
and mechanical injury. 

(c) They be aa placed that no unprotect43d wood- 
work, or other combustible material, be 
within a distance of 12 inches from them 
measured horizontally, or witliin 4 foet 
measured vertically above thom. 

{d) When mounted upon or above wood flooring, 
they must have a alieet of metal inserted 
between them and such flooring. 

(c) They must be controlled by a switch and a 
fuse, or by a circuit-breaker, on one conduc- 
tor \ and by one of tlieae devices on the 
other conductor (par. 18). 



Yentllntloo. 

Cona&ctors. 
Dsntrol, 



tnsiilAtioa 
llQ«ij<tiince 
toE^irth. 



ACCUMULATOKS AKD OTHER BATTERIES, 

9S. The room in which accumulatera or primary 
batteries are placed must be well ventilatixi (par. 20). 

J)4. The ease of each cell must stand on insulators. 
Glass cellfc) should have an intermediate supi>ort to 
distribute the strain. 

95. Bare conductors [par. 52 (c)] should be used 
for end and regulating cell connections ; and all 
regulating cells must be protected by a fusible con- 
nector at each cell, 

95. The method of control must be as described in 
paragraph 91 (e). 

TESTmo, 

97. The insulation resistance to earth of the whole 
or any part of tli© wiring must, w*hen tested previoiisly 
to the erection of fittings and electroliers, be measured 
with a pressure not less than twice the intended work- 
ing pressure, and must not be less in megohms than 30 
divided by the number of points (par. 31) under test, 
For this purpose the points are to be counted a« the 
number of pairs of terminal wires from wliicU it is 
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proposed to take the current, either directly, or by 
flexibles, to lamps or other appliances. 

98. Current must not be switched on until the 
following test has been applied to finished work : — 

The whole of the lamps having been connected to Teatin-^of 
the conductors and all switches and fuses being on, a Circuits, 
pressure equal to twice the working pressure must be 
applied, and the insulation resistance of the whole or 
any part, of the installation must not be less in megohms 
than 25 divided by the number of lamps. When all 
lamps and appliances have been removed from the 
circuit, the insulation resistance between conductors 
must not be less than 25 megohms divided by the 
number of lamps. The insulation of any individual 
sub-circuit (par. 21) must not fall befow 1 megohm. 
Any motor, heater, arc lamp, or other appliance 
may be connected to the supply of electrical energy 
provided that the insulation of the parts carrying 
the current measured as above, is greater than 1 
megohm from the frame or case. 

99. The value of systematically inspecting and inspection, 
testing apparatus and circuits cannot be too strongly 

urged. Records should be kept of all tests, so that 
any gradual deterioration of the system may be 
detected. Cleanliness of all parts of the apparatus 
and fittings is essential. 

100. Before making any repairs or alterations, the Repairs, 
circuits which are being attended to must be entirely 
disconnected from the supply. 

Table. 

101. Columns 1 and 15 give the size of the conductors 
in common use. Cables are shown thus : — 19/ IT, viz., 
19 wires of number 16 standard wire gauge, or 19082* 
meaningl9 wires each of which is '082 inch in diameter, 

102. Column 2 gives the maximum current per- 
missible in conductors laid in casing or tubing, 
provided the external temperature does not exceed 

253 



Digitized by VjOOQ iC 



INTERNAL WIRING OF BUILDINGS 

100 deg, F. (37"S deg. C. ), The maximuiB current for 
any cooductor may be calculated from the formula^— 
Log C = 82 log A + 0'415, 

^WJicre C=:curront in amperes, 

and A ^sectional ai'ea in lOOOths of a square 
inch.) 

103. Column 3 gives the approximate current 
density in arnperos per square inch corresponding to 
Column 2. 

104. Column 4 givca the total length in yards of the 
conductor in circuit (Jcad and retijrn) for one volt 
drop when the current in each conductor ib that given 
in Column 2. 

105. Coknnna 5 and 6 give the minimum insulation 
resistance (par, 40) witli \ti1 cammed rubber in megohms 
per mile. These insulation resistances are those of 
cables of I,E.E- 600 and 2,500 megohm gradea 
respectively. 

106. Ca?«mw7gives the n^ in imum insulation resist- 
ance (par, 40) which is advisol>le in practice for 
fibre-covered cables load-covered. 

107. Column 8 gives tlie resistance of the conductor 
per 1,000 yards in Board of Trade standurd ohms. 

108. Colutmis atid 1 gi%^e the minimum tliickneas 
of dielectric of Class A as dtifincd in paragraph 38, 

109. Column 11 gives the minimum thickness of 
dielectric of Class B as defined in paragraph 38. 
Special cables, such as twin or 3 -core cables^ are not 
included in this column, 

110. Cfdmnn 12 gives the minimum thickness cit 
lead for cables of Class B. This column does not apply 
to vulcanized rubber cables which may be le^- 
covered, 

111. Column 13 gives the weight of copper con- 
ductors of ttve gauge given in lbs, per 1+000 yards, 

112. Column 14 gives the nominal section of the 
conductor in square inches. 
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113. The data for the resistances and weights of standards, 
copper conductors are based on the E.S.C. standard 
as defined by the Engineering Standards Committee 
as follows : — 

A wire one metre long weighing one gramme 
and having a resistance of 01539 standard 
ohms at 60 deg. F. ( 15'6 deg. C.) is taken as the 
Engineering Standards Committee (E.S.C.) 
standard for hard-drawn high conductivity- 
commercial copper. 

Hard-drawn copper is defined as that 
which will not elongate more than 1 per 
cent, without freicture. 

A wire one meter long, weighing one gramme and 
having a resistance of 0*1508 standards ohms 
at 60 deg. F. (156 deg. C.) is taken as the 
Engineering Standards Committee (E.S.C.) 
standard for annealed high conductivity 
commercial copper. 

Copper is taken as weighing 655 lb. per cubic 
foot (8*89 grammes per cubic centimetre) 
at 60 deg. F (16'6 deg. C.) which gives a 
specific gravity of 8 90. 

An average temperature coefficient of 00238 por 
degree F. (0*00428 per degree C.) is adopted. 

A variation of 2 per cent, from the adopted 
standard of resistance is allowed in all 
conductors. 

A variation of 2 per cent, from the adopted 
standard of weight is allowed in all con- 
ductors. 

An allowance of 1 per cent, increased resistance, 
as calculated from the diameter, is allowed 
on all tinned copper conductors between 
diameters 104 and 028 (Nos. 12 and 22 
S.W.G.) inclusive. 

For the purpose of calculation of tables, a lay, 
involving an increase of 2 per cent, in each 
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wire except the centre wire, for the total 
length of the eahle is taken as the standard. 
The legal standard wire gauge, as fixed by Order 
in Council dated Aligns t 23, 1883, is adopted 
aa the standard for all wires. 



BOARD OF TRADE REGULATIONS (lOOS) FOR 

MEDILTM PRESSURES, EXCEEDING 250 VOLTS, 

BUT NOT EXCEEDING G50 VOLTS. 



EAfthln^. 






Swltchea. 



FrntectLon 

AgltllBt 

cxceaa of 
Curtftpt. 
Bhock^ and 



[Th^regulatioTia reprinted here are onlif those relating 
to the conditions intended to be cotjered by tfie Wiring 
Euks.] 

Motors. 

1. The frame of everjr electric motor shall be effi- 
ciently connected with earth. 

2. The consumer's wires forming the connections 
to motors, or otherwise in connection with the supply, 
shall be^ as far as practicable, completely enclosed in 
strong metal casing efficiently connected with earth, 
or they shall bo fixed in such a manner that there shall 
be no danger of any i^liock, 

3. The supply to every motor shall be controlled 
by means of an efficient cut-off switch, placed in such 
a position as to be easily handled by the person in 
charge of the motor, and connected so that by its 
means all pressure can be cut off from the motor itself, 
and from any regulating switch, rttsistanee or other 
device in cotmection therewitlu 

4. Switches, efficie'nt fuses or other automatic 
circuit-breakers shall be provided so as to protect the 
circuits from excess of current, and all switi.^hes and 
cut-outs shall be so enclosed and protected tliat there 
shall be no danger of ekuy shock being obtained in the 
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ordinary handling therof , or of any fire being caused 
by their normal or abnormal action. 

6. A notice shall be fixed in a conspicuous position Danger 
at every motor and switchboard in connection with Notices, 
the supply forbidding unauthorized persons to touch 
the motors or apparatus. 

Arc Lamps in Series. 

1. The consumer's wires forming the connections ^^4^1 
to the arc lamps, or otherwise in connection with the Casing, 
supply, shall be, as far as practicable, completely en- 
closed in strong metal casing efficiently connected with 
earth, or they shall be fixed in such a manner that 
there shall be no danger of any shock. 

2. The supply to every arc lamp shall be controlled Switches. 
by means of an efficient cut-off switch, placed in such 

a position as to be easily handled by the person in 
charge of the arc lighting, and connected so that by 
its means all pressure can be cut off from the arc 
lamp itself, and from any regulating switch, resistance 
or other device in connection therewith. Provided 
that where the arc lamps are connected in series 
across the outer conductors of a three-wire system, it 
shall be sufficient if one such switch be provided for 
each series of arc lamps. 

3. Switches, efficient fuses or other automatic Protection 

cut-outs shall be provided, so as to protect the circuits excess of 

from excess of current, and all switches and cut-outs Current, 

Shock, ana 
shall be so enclosed and protected that there shall be Fire. 

no danger of any shock being obtained in the ordinary 

handling thereof, or of any fire being caused by their 

normal or abnormal action. 

Incandescent Lamps in Series. 

1. The consumer's wires forming the connections Metal 
to the incandescent lamps, or otherwise in connection Casing 
with the supply, shall be completely enclosed in 
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Protection 

excess oi 
rnrrent, 
BliQCk, and 
Fire. 



Strong iTaet>al casings and tliia casing, together with the 
switclies and lamp holders, if inetallic, Bthall be 
efficiently 0OTjntH.*tfKl v\"ith earth. 

2. feswituhcts, efHeiont fusus or other autOTiiatic 
cut-outs shall he provided, &o aa to protect the circuits 
from excess of current t and all switclies and cut-outs 
shall be so enckised and protected that there shall be 
no danger of any shock behig obtained in the ordinary 
handling therei>f, or of any tiro bemg caused by the 
uormai or abnormal action. 
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HOME OFFICE SPECIAL RULES (1905) FOR THE 

INSTALLATION AND USE OF ELECTRICITY 

IN MINES. 

[Tfie following rules ahaU he observed, as far as is reasonably 
practicable, in the Mine.] 

Definitions. 

The expression " pressure " means the difference of 
electrical potential between any two conductors through 
which a supply of energy is given, or between any part of 
either conductor and earth as read by a hot wire or electro- 
static volt-meter, and 

(a) Where the conditions of the supply are such that 
the pressure at the terminals where electricity 
is used cannot exceed 250 volts, the supply shall 
be deemed a low-pressure supply. 
(6) Where the conditions of supply are such that the 
pressure at the terminals where the electricity is 
used, between any two conductors, or between 
one conductor and earth, may at any time exceed 
250 volts, but cannot exceed 650 volts, the supply 
shall be deemed a medium-pressure supply, 
(c) Where the conditions of supply are such that the 
pressure at the terminals where the electricity is 
used between any two conductors, or between 
one conductor and earth, may at any time exceed 
650 volts, but cannot exceed 3,000 volts, the 
supply shall be deemed a high pressure supply. 
{d) Where the conditions of supply are such that the 
pressure at the terminals where the electricity is 
used, between any two conductors, or between 
one conductor and earth, may at any time exceed 
3,000 volts, the supply shall be deemed an extra 
high-pressure supply. 
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Section L 

OENEKAL. 

L (a) All electrical apparatus and conductors shall be 
aufficient in size atid power for tJie work they may be 
called upon to do, and so far as is reasDnably practicable., 
efficiently covered or safeguarded, and so iastftUed, worked, 
and maintained as to re. luce the danger through accidental 
shock or fire to tlie minimum, and shall be of such con- 
struction and so worked that the ris^ in temperature caused 
by ordinary working will not injure the insulating materials. 

(&) In any place or part of a mine where General Ride 
No. 8 of the Coal Mines Kegulation Act, 1887, applies, the 
covering shall be constructed so that, as far as is reasonably 
practicable, there is no danger of firing ga*i by sparking 
or flashing which may occur during the normal or abnormal 
working of the apparatus. 

(c) All metallic coA^erfngs, armouring of cables, other than 
trailing cables, and the frames and bedplates of generators, 
transformers J and motrjrs other than portable motors, sliallj 
as far as is reasonably practicable, be efficiently earthed 
where the pressure at the terminals where the electrioity 
is used exceads the limits of low pressure. 

2* Wliere a medium-pressure supply is used for power 
pvirpose^s, or for arc lamjjs in series, the wires or conductore 
forming the connections to the motors, trans form prs, are 
lamps, or otherwise in connection witli tlie supply, shall be, 
as far as is reasonably practicable, completely enclosed in 
strong armouring or metal ceising efficiently connected 
with earthj or they shall be fixed at sucJi a distanee apart, or 
in sueh a manner, that danger from fire or shock may be 
reduced to the minimum* Tliis rule shall not apply to 
trailing cables, 

3. Where a medium-pressure supjjly is used for incan- 
descent lamps in series, the wires or conductors forming 
conneetions to the incandescent lamps, or otherwise in. 
connection with the supply, shall be, as far as is reasonably 

260 



Digitized by LjOOQ IC 



INTERNAL WIRING OF BUILDINGS 

practicable, completely enclosed in strong armouring or 
metal casing efficiently connected with earth, or they shall 
be fixed at such a distance apart, or in such a manner that 
danger from fire or shock shall be reduced to the minimum. 

4. Motors of coal-cutting and such other portable 
machines shall not be used at a pressure higher than 
medium pressure. No transformer used for supplying 
current at a pressure higher than medium pressure and no 
motor using such current shall be of less normal rating 
tharf 20 b.h.p. for use underground. 

No higher pressure than a medium pressure shall be used 
in any place or part of the mine to which General Rule 
No. 8 of the Coal Mines Regulation Act, 1887, applies. 

5. No higher pressure than a medium-pressure supply 
shall be used other than for transmission or for motors, 
and the wires or conductors other than overhead lines 
above ground forming the connections to the motors or 
transformers or otherwise in connection with the supply 
shall be completely enclosed in a strong armouring or metal 
casing efficiently connected with earth, or they shall be fixed 
at such a distance apart, or in such a manner that danger 
from fire or shock shall be reduced to the minimum. 

The machines, apparatus, and lines shall be so marked 
as to clearly indicate that they are high pressure, either by 
the use of the word " Danger '* at frequent intervals, or 
by red paint properly renewed when necessary. 

6. The insulation of every complete circuit other than 
telephone or signal wires used for the supply of energy, 
including all machinery, apparatus, and devices forming 
part of or in connection with such circuit, shall be so main- 
tained that the leakage current shall, so far as is reasonably 
practicable, not exceed tttVit ^^ *'h® maximum supply 
current, and suitable means shall be provided for the 
immediate localization of leakage. 

7. In every completely insulated circuit, earth or fault 
detectors shall be kept connected up in every generating 
and transforming station, to show immediately any defect 
in the insulation of the system. The readings of these 
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instruments shall be recorded daily in a book kept at the 
gent rating or transforniing station or switch-housOt 

H. Main and distribution switch and fuse boards must 
be made of incombustible itiBulating material, such aa 
marble or slate free from nietallic veins, and be iixed in as 
dry a situation as practicable. 

9* Every sub-circuit must be protected by a fuse on each 
pole. Every circuit carrj^ing more than 5 amperes up to 
125 volts or Z ampt^res at any pressure above 125 volts, 
must be protected in one of tlie following alternartive 
methods : — 

(a) By an automatic maximum cut-out on e^ch pole, 

(b) By a detachable fuse on each pole, constructed in 

such a manner that it can be reniov-ed from a 
live circuit with the minimum risk of shock* 

(c) By a switch and fu.se on eacli pole. 

10, Fire buckets, filled witli clean, dry sand, shaU be 
kept in electrical machine rooms, ready for immediate use 
in extingiiishing lures. 

No repair or cleaning of the live parts of any electrical 
apparatus except mere wiping or oiling shall bo done when 
the current is on. 

Gloves, mats, or shoes of indiarubber or other non- 
conducting material shall be supplied and used where the 
live parts of switches or macliines working at a pressure 
exceedbig the limits of low xJressure have to be handled 
for the purpose of adjustment. 

11, A competent person shall be on duty at the mine 
when the electrical apparatus or machinery is in use ; and 
at such time as the amount of electricity delivered down 
the mine exceeds 200 b,h,p,, a competent person shall b© 
on duty at the mine above ground, and another below 
ground. Every person appointed to work any electric 
apparatus shall have been instructed in his duty and be 
competent for the work that he is set to do* 

12* No person shall wiJfully damage, interfere with* or 
without proper authority remove or render useless any 
electric line or any machine, apparatus, or part thereof, 
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used in connection with the supply or use of electricity. 

13. Instructions shall be posted up in every generating, 
transforming, and motor-house containing directions as to 
the restoration of persons suffering from electric shock. 

14. Direct telephonic or other equivalent means of 
communication shall be provided between the surface and 
the pit bottom or main distributing centre in the pit. 

15. Within three months after the introduction into any 
mine of electric motive power, notice in writing must be 
sent to H.M. Inspector of Mines for the district. Notice 
must also be sent of any existing electric motive-power 
installation at any mine within three months after the 
coming into force of these rules. 

16. A plan shall be kept at the mine showing the position 
of all permanent electrical machinery and cables in the 
mine, and shall be corrected As often as may be necessary 
to keep it up to a date not more than three months 
previously. 

Section IL 
generating stations and machine rooms. 

17. Where the generating station under the control of 
the owner or manager of the mine is not within 400 yards of 
the working pit mouth, an efficiently enclosed locked switch 
box or boxes, or a switch-house, shall, where reasonably 
practicable, be provided near the pit mouth, for cutting 
off the supply of electricity to the mine. 

18. There shall be a passage way in front of the switch- 
board of not less than 3 ft. in width, and if there are any 
connections at the back of the switchboard, any passage 
way behind the switchboard shall not be less than 3 ft. 
clear. This space shall not be utilized as a storeroom or a 
lumber room, or obstructed in any manner by resistance 
frames, meters, or otherwise. If space is required for 
resistance frames or other electrical apparatus behind the 
board, the passage way must be widened accordingly. 

No cable shall cross the passage way at the bsick of the 
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board except below the floor, or at a height of not less than 
7 ft. abuve the floor. 

The space at the back of the switchboards shall ba 
properly floored, accessible from each end, and, except in 
the case of low-pressure awitcli boards* must be kept locked 
up, but the lock must aUow* of the door being opened from 
the inside without the use of a key, TJie floor at the back 
shall be incombustible, firm and even. 

19* Every generator shall be provided with a switch 
on each polo between tlie generator and tlie bus-bars* 

When continuous-current generators are paralleled 
reserved current cut-outs shall also be provided. 

Suitable instruments shall be provided for raeaauring 
the current and presi^ure of eacli generator. 

Every feeder circuit shall at its origin be provided wi^ 
an anYmefcer. 

20* If the transmission lines from the generating station 
to the pit are overhead there shall be lightning arresters in 
connection witli the fcixler circuits. 

21. Automatic cut-outs must be arranged so that when 
tVie contact lever opens outwards no danger exists of striking 
the head of the attendant. If iinencloBcd fuses are used 
they niust be placed within 2 ft. of the floor ^ or be otherwise 
suitably protected. 

Where the supply is at a pressure exceecUng the limits of 
medium pressure, there shall be no live meta! work on the 
front of the main switchboard within 8 ft. of the floor or 
platform, and the space provided under Rule No- 2 of tliis 
section shall be not lefts than 4 ft* in the clear. InBulating 
floors or mats shall be provided for medium-pressure boards 
where live metal w^ork is on the front or back* 

22. All terminals and live metal on tnachines over 
medium pressure abo%'0 ground^ and over low pressure 
under ground, where practicable shall be protected with 
insulating covers or witli metal coverj^i connected to earth* 

23. No person other than an authorised person shall enter 
a machine or motor room, or interfere with the w*orking of 
any machine, motor, or ajiparatus connected therewith* 
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Section III. 

CABLES. 

24. All conductors (except as hereinafter provided) shall 
in every case be maintained completely insulated from 
earth, but it is permissible to use the concentric system 
with earthed outer conductor, if proper arrangements are 
made to reduce the danger from fire or shock to the 
minimum, but the neutral point of polyphase sj^stems and 
the middle wire of three-wire continuous-current systems 
may be earthed at one point. 

25. Unless fixed as far as is reasonably practicable out of 
reach of injury, all conductors, other than armoured cables, 
must further be protected by a suitable covering. Where 
lead-covered cable is used the lead shall be earthed, and 
electrically continuous throughout. 

The exposed ends of cables where they enter the terminals 
of switches, fuses and other appliances, must as far as is 
reasonably practicable be properly protected and finished 
off, so that moisture cannot creep along the insulating 
material within the waterproof sheath, nor can the insulating 
material, if of an oily nature, leak out of the cable. 

26. All joints must be mechanically and electrically 
efficient, and, where reasonably practicable, must be 
suitably soldered. In any place or part of a mine where 
General Rule No. 8 of the Coal Mines Regulation Act, 1887, 
applies, suitable joint boxes must be used, and the conductors 
connected by means of metal s^rew clamps, connectors, 
or their equivalent constructed in a safe manner. Pro- 
vided that in any place or part of a mine where a shot may 
be fired joints may be soldered by or in the presence of a 
person authorized in that behalf by the manager, but the 
same precautions in regard to examination and removal 
of workmen as are prescribed by paragraphs (/) and (i) 
of Greneral Rule 12 shall be observed in all cases, and where 
the place is dry and dusty, also the precautions as to water- 
ing prescribed by paragraph (h). Wires, other than 
signalling wires, or cables must not be joined by merely 
twisting them together. 
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27. Overhead bare wires on the surface must be efficiently 
STipporteci upon inaulators^, and clear of any traffic, and 
provided with efficient lightniug arresters. 

2Ji. All eables used in shafta must be highly insulated 
and substantially fixed. Shaft eableg, not capable of 
sustaining their own woight, shall be properly supported 
at intervals varying according to the weight of the cable. 
W^iere the cables are not completely boxed in and protected 
from falling material, space shall be left between them and 
the side of the shaft that they may yield, and so lessen a 
blow given by falling materiah 

20. Wliere the cables in main haulage roads cannot bo 
kept at least I foot from any part, of the tiib or tram, they 
shall be specially protected. When separate caijles are 
used thoy shall, if reasonably practicable, be fixed on 
opposite sides of the road. 

The fixing with metallic fastenings of cables and wires 
not provided with metallic covering to walls or timbers m 
prohibited. 

Cables underground when suspended shall be suspended 
by leather or other flexible material in such a manner as to 
allow of their readily breaking away when struck* before 
the eaV>lei3 themselves can be eerioufily damaged. 

Wliere main or other roads are being repaii'ed, or blasting 
is being carried out, suitable temporary protection must 
be used so that the cables are reasonably protected from 
damage. 

30, Trailing cables for portable macliines shall be specially 
flexible, heavily insulated and protected with either gal- 
vanised steel wire armouring, extra stout braiding, hose 
pipe, or other efifeetive covering. Trailing cables shall be 
examined at least oneo in eaeli shift by tlie person in charge 
of the machine, and any defects in them promj^tly repaired. 

At points where the flexible conductors are joined to the 
main cables, a fixetl terminal box must be provide^l, and a 
ft witch shall be fixed close to or in the terminal box eapablo 
of entirely cutting off the supply from the terminal box 
and motor* 
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Section IV. 

SWITCHES, FUSES, AND CUT-OUTS. 

31. Fuses and automatic cut-outs shall be so constructed 
as effectually to interrupt the current when a short circuit 
occurs, or when the ciurent through them exceeds the 
working current by 200 per cent. Fuses shall be stamped 
or marked, or shall have a label attached, indicating the 
current with which they are intended to be used, or where 
fuse wire is used each coil in use shall be so stamped or 
labelled. Fuses shall only be adjusted or replaced by an 
authorized person. 

32. All live parts of switches, fuses, and cut-outs not in 
machine rooms, or in comptwtments specially arranged 
for the purpose, must be covered. These covers must be 
of incombustible material, and must be either non-con- 
ducting or of rigid metal, and, as far as practicable, clear 
of all internal mechanism. 

33. All points at which a circuit other than those for 
signals has to be made or broken shall be fitted with proper 
switches. The use of hooks or other makeshifts is prohibited, 
and in any place or part of a mine where General Rule No. 8 
of the Coal Mines Regulation Act, 1887, applies, the use of 
open-type switches, fuses, and cut-outs is prohibited ; 
they must either be enclosed in gas-tight boxes, or break 
under oil. 

Section V 

MOTORS. 

34. All motors, together with their starting resistances, 
shall be protected by switches capable of entirely cutting 
off the pressure, and fixed in a convenient position near 
the motor, and every motor of 10 b.h.p. or over in a machine 
room underground shall be provided with a suitable 
ammeter to indicate the load put upon the machine. 

35. Where unarmoured cables or wires pciss through 
metal frames or into boxes or motor casings, the holes 
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must be substantially bushed with iiiBulating bushm, and, 
where necessarjs with gaa-tight hualtings which cannot 
readily become displaced, 

36. Terminal boxes of portable motors must be securely 
attached to the macliine, or be designed to form a part 
tliereof, 

37. In any place or part of a mine where General Hide 
Ko. 8 of the Coal Mines Regulation Act, 1887, apphot*, all 
motors, unless placed in such roonis aa are separaU.'ly 
ventilated w^ith intake air, shall liave all tlieir current" 
carrying parts, also their starters, terminals, and con- 
nections completely enclosed in flame-tight enclosures, 
naade of uninflanunable mat-erial and of sufficient strength 
as not to b» liable to be damaged should an oxplosion of 
firedamp occur in the interior, and suoh enclosures sViall 
not be opened except by an authorized person, and then 
only when the current is switched off. The pressure 
shall not be switched on wlale the enclosures are optn. 

38. In any place or part of a mine where General Rule 
No. 8 of the Coal Mines Regulation Act, 1887* applies, a 
safety lamp or other suitable apparatus for tlie detection 
of firedamp shall be provided for use with eacli machine 
w4ien working, and should any indication of firedamp 
appear on the flame of the safety lamp or other apparatus 
used for the detection of firedamp, the person in charge 
@hall nnmediately stop the machine, cut off the curreiit at 
the gate end or nearest switch, and report the matter to an 
oflRcial of the mine. 

39. (a) A coal-cutter motor shall rtot be kept continuously 
at w*ork for a period of time exceeding a maximum period 
which shall be specified in writing by the manager, so that 
the roof may be carefuOy examined. 

(6) The casing or inspector doors of all portable motors 
used underground and the casings of tJieir switches and 
other appliances shall at least once a w^eek be opened by a 
manager, and the parts so disclosed shall be cleat^d and 
examined before the coverings are replaced. In special 
requiring a motor to run continuously longer than 
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one week, the motor shall be examined at the end of the 
run. A report of such examination shall be entered in a 
report book. 

40. The person in charge of a coal-cutter or drilling 
machine shall not leave the machine while it is working, 
and shall, before leaving the working place, see that the 
current is cut off from the trailing cables. He must not 
allow the cables to be dragged along by the machine. No 
repairs shall be made to any portable machine until the 
pressure has been cut off from the trailing cables. 

41. If any electric sparking or arc be produced outside a 
coal-cutting or other portable motor or by the cables or 
rails, the machine shall be stopped, and not be worked again 
until the defect is repaired, and the occurrence shall be 
reported to an official of the mine. 



Section VI. 

ELECTRIC LOCOMOTIVES. 

42. Electric haulage by locomotives by the trolley wire 
system is not permissible in any place or part of a mine 
where General Rule No. 8 of the Coal Mines Regulation Act, 
1887, applies. On this system no pressure exceeding the 
limits of mediimi pressure may be employed. 

43. In underground roads the trolley wires must be 
placed so that they are at least 7 ft. above the level of the 
road or track, or elsewhere, if sufficiently guarded, or the 
pressure must be cut off from the wires during such hours 
as the roads are used for travelling on foot in places where 
trolley wires are fixed. The hours during which travelling 
on foot is permitted shall be clearly indicated by notices 
and signals placed in a conspicuous position at the ends of 
the roads. At other times no one other than a duly author- 
ized person shall be permitted to travel on foot along the 
road. 

On this system either insulated returns or uninsulated 
metallic returns of low resistance may be employed. 
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44* In order to prevent any other part of the system 
being earthed (except when the concentric system with 
earthed outer conductor is used), the current suppUed for 
UBe on the trollt^y wirf>fej with an uninsulated return shall bo 
generated by a separate machine* and shall not be taken 
from or be in connection with electric lines other wis© 
completely inatilated from eartlu 

45, If storage battery locomotives are used in any placa 
or part of a mine where General HuJe No. 8 ol the Coal 
Mines Regulation Act. 1887, a^jplies, the rules applj^ng to 
motors in such places shall also be deernfxi to apply to th© 
boxes containing the cells. 

Seciton VIL 

ELEOrRIG LIQHllNO. 

4S. All are lamps shall be so guarded as to prevent pieces 
of ignited carbon falling from them, and shall not be used 
in situatiorm where there is likely to be danger from the 
presence of coal -dust. They should be so screened a& to 
prevent risk of contact with perwons. 

47. Small wires for lighting circuits mnat bo either 
CO n\' eyed in pipes or casings, or auBperuled from porcelain 
insulators, or tied to them witli some non-con due ting material 
which will not cut the covering, and so that they do not 
touch any timbering or inetal work. On no accoimt must 
staples be used. If metallic pjpf;*s are titsed they must be 
electrically continuous and earthed. If separate uncased 
wires are uwctl they must be kept at least 2 in, apart, and 
not brought togothei" except at lamps or switches or fittings, 

48, In any plat»e or part of a mine where General Rule 
No, 8 of the Coal Mines Kegulation Aet^ 18S7, apijLies^ 
electrical lamji?^, if uscd^ must be of the vacuimi or enclosed 
type : they shall he protected by gas-tight fittings of strong 
glaBS» and Ijave no flexible cord connections, and shall only 
be changed by a duly authorized competent per?^on» ^\1iile 
the lamps are being clianged the current shall be sTftitchud 
off. 

570 



Digitized by VjOOQ IC 



INTERNAL WIRING OF BUILDINGS 

49. In all machine rooms and other places underground, 
where a failure of electric light is likely to cause danger, 
some safety lamps, or other proper lights, shall be kept 
for use in the event of such failure. 

Section VIII. 

SHOT-FIRING. 

50. Electricity from lighting or power cables shall not be 
used for firing shots, except in sinking shafts or stone drifts, 
and then only when a special firing plug, button, or switch 
is provided, which plug, button, or switch shall be placed 
in a fixed locked box, and shall only be accessible to the 
authorized shot-firer. 

The firing cables or wires shall not be connected to this 
box until immediately before it is required for the firing of 
shots, and shall be disconnected immediately after the shots 
are fired. 

When shot-firing cables or wires are used in the vicinity 
of power or lighting cables, sufficient precautions shall be 
taken to prevent the shot-firing cables or wires from coming 
in contact with the lighting or power cables. 

The foregoing rules shall not apply to telephone, telegraph, 
and signal wires, to which the rules of this section only shall 
apply. 

Section IX. 

SIGNALLING. 

51. All proper precautions must be taken to prevent 
electric signal and telephone wires from coming into contact 
with other electric conductors, whether insulated or not. 

52. Contact makers or push buttons of electric signalling 
circuits shall be so constructed and placed as to prevent 
the circuit being accidentally closed. 

53. In any place or part of a mine where General Rule 
No. 8 of the Coal Mines Regulation Act, 1887, applies, bare 
wires shall not be used for signalling circuits except in 
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haulage rtiads, and the pressure sJiall not exceed 15 volti 
ill any one circuit, 

Seotion X- 

ELECFBIO KELTGHTIXQ OF SAFETY LAMPS. 

54. In mines to any place or part of whicli General Rule 
No. 8 of the Coal Minea Regulation Act, 1887, applies, when 
safety lanips are relighted underground by electricity, the 
manager Bhall select a suitable station or stations, which 
are not in the return airway, and in which there is not 
likely to he any accunndation of inflammable gas ; and no 
electric relighting apparatus shall be used in any other place. 
All electrical relighting apparatus shall he securely locked, 
so as not to be available for use except by persons authorized 
by the manager to relight safety lamps, and sucli i)ersons 
shall examine all safety lamps brought for relighting before 
they are re-iaaued. 

SEcrxoN XL 

EXEMPTIONS AKU MJSCELLAJffEOUS. 

55. Notwithstanding anything contained in these rules 
any electrical plant or apparatus installed or in use liefore 
the coming into force of the we rules luay be continued in use 
unless an inspector shall otlierwiwe direct, or subject to any 
eondittony affecting safety that lie may prescribe. 

In case any difference of opinion s^hall arise between an 
inspector and an owner under this Rule, the ^lame shall be 
settled as provided in section 42 of the Coal Mines Regulation 
Act, 1887. 

56. Any of the foregoing requirements shall not apply in 
B^ny cas^o in which exemption is obtained from the Secretary 
of State, on the gi'ound either of emergency or special 
circumstances, on such conditions as the Sercetary of State 
may prescribe. 
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RULES AS TO TESTING ELECTRICITY METERS, Eia, 
AND SCALES OF FEES PRESCRIBED BY THE LON- 
DON COUNTY COUNCIL ON MARCH 29, 1898, AND 
APPROVED BY THE BOARD OF TRADE ON JUNE 17 
FOLLOWING. 

Meters in use upon a Consumer's Premises. 

(1) Upon any application being received by the Council in 
connection with any difference arising between any consumer 
and the undertakers as to the accuracy of any meter, an appoint- 
ment will be made with the consumer and the undertakers for an 
inspector to attend at the premises of the consumer. The in- 
spector will take charge of the meter, which is not to be discon- 
nected from the circuit except in his presence, and then only 
by the undertakers. 

(2) The inspector will, as far as possible, ascertain before such 
disconnection takes place whether the meter is properly fixed 
and connected with the circuit, and whether it appears to be in 
good working order. 

(3) If the meter be not one requiring to be tested for synchro- 
nism, it will then be removed under the supervision of the in- 
spector to the Council's office, 42, Cranboume Street, to be there 
tested for accuracy. 

(4) If the meter be of a type requiring to be tested for syn- 
chronism, it will, if necessary after disconnection from the cir- 
cuit, and before removal from its position, be sealed up by the 
inspector and run for at least 24 hours without current being 
allowed to pass through the main coils, and at the end of that 
time or of such longer time as may be convenient, the result 
will be ascertained by the inspector and the meter then removed 
in the manner before indicated. 

(5) Before removing the meter, the inspector will ascertain 
as accurately as possible the total current which may be taken 
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if qR the current-consuming devices connected with the instflilla- 
tion are put on to the circuit, and also the average and the maxi- 
mum normal current. 

(6) If the iiv^pector consideri it desirable, he will aka, with 
the concurrence of the applicant and upon payment of the pre- 
scribed fee, test the insulation resistaiice of tlie m.eter as fixed, 
and of the house installation connected therewith. 

{7) In the case of metcra whleh can, under certain circnm- 
Btanccflj register without current passing through the main coik, 
the inspector will make a careful examination to ascertain 
whether euch registration is efftxited. 

(S) The tests for accuracy wiU be made at tlie Council's meter- 
testing station, 42, Cranhoui-ne Street* 

(9) In the case of meters which hefore being fixed sliall have 
heen tested by the Council and passed as correct meters, the 
meters will be tested for starting current and at one or more 
quarter loads, and if the results Ije approximately the same aa 
those obtained in the previous testa the m (iters will be eon- 
sidered correct. (A meter shall be considered to be " correct '* 
when the regis tratU>n shown by the diatn is withtn 2^ per cent, of 
absolute accuracy at all points above one 'twentieth load.) 

(10) In the case of meters which have nut been tested and 
sealed by the Council before fixing, the tests will be made at the 
average load U3e<l by the consumer, if this can be aaccfriained. 

(11) In cases where tlie meter has been removed from the 
consumer's premises before any apjiUcation for testing is made 
to the Council, it may neverthelt^ss be tested for accuracy, but 
a note will b© attached to the report stating that the meter 
was removed from the consumer's premises before it was tested, 
and that the Council has no means of ascertaining whether its 
condition is the same as it was when so fixed. 

{12) At least one test will be made of every meter by a dial 
reading, and the dial worlta will be further examined to ascertain 
that the gearing is properly proportioned. 

(13) The report of the inspoct<ir, or a copy thereof, will be sent 
both to the consumer and to the undertakers by tlie engineer 
in charge of the Cotmcirs meter- testing station, 

(14) All fees for testing shall, unless the Council otherwise 
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order, be paid in advance by the applicant to the cashier of the 
Council at its office in Spring Gardens. 

(15) Within one week after the completion of the test the meter 
will be handed at Cranboume Street to the representative of the 
owner, imless circumstances shall have arisen which render a 
further test desirable. 

(16) For all meters of a pattern approved by the Board of 
Trade, any recommendations made by that Board with regard to 
testing will be followed so far as circumstances admit. 

SCALE OF FEES FOR TESTING ELECTRICITY 
METERS, Etc. 

Single oe Disputed Meters 

(used or to be used in any district for which the Council is the 
statutory authority). 

For testing a single meter of any description up to 50 amperes 
capacity, 10^. 

For testing a single meter of capacity from 50 to 100 amperes, 
20*. 

For testing a single meter of capacity from 100 to 200 am- 
peres, 255. 

For testing a single meter of capacity from 200 to 400 am- 
pdres, 305. 

For testing each " disputed " meter the charge shall be as 
above, and no reduction shall be made if a number of disputed 
meters be sent in together. 

Batches of Meters. 

For testing meters, delivered at and removed from the testing- 
station free of cost to the Council, any work necessary for ad- 
justing inaccurate or defective meters being charged for extra — 

Class 1. — Meters without shunt coils and not requiring to be 
fixed for testing, up to 50 amperes capacity, if sent in in batches 
of not fewer than 10 of the same size and make, each 65. 6d, 

Ditto, from 50 to 100 amperes capacity, each 9s. 

Ditto, from 100 to 200 amperes capacity, each 12«. 
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Class 2. — Meters with shunt coils or requiring to be fixed for 
testing, up to 50 amperes capacity, if sent in in batches of not 
less than 10 of the same size and make, each Is, 
Ditto, from 50 to 100 ampdres capacity, each lOs, 
Ditto from 100 to 200 amperes capacity, each I3s, 

Class 3. — Meters requiring fixing and synchronising, or ad- 
justing after fixing, up to 50 amperes capacity, if sent in in batches 
of not less than 10 of the same size and make, each 8*. 
Ditto, from 50 to 100 ampdres capacity, each \2s. 
Ditto, from 100 to 200 ampdres capacity, each 17«. 6rf. 

Class 4. — Meters for multiple circuits will be charged for 
according to the number of circuits. 

Class 5. — Meters which require to be tested on a circuit ab- 
sorbing considerable power will be charged for at special rates. 

A redtiction of 10 per cent, from these prices to be allowed when 
20, and of 25 per cent, when 50, meters of the same make and 
capacity are sent in at the same time. 

Partial re-tests made on any meter after adjustment will be 
charged, according to amount of work involved, at one-fourth to 
one-half of the fee charged for " single or disputed " meters of 
the same capacity. 



Inspection in situ. 

For examining in position after fixing, and certifying if found 
correct, any single meter (which has already been tested for 
accuracy at the Council's testing-station) within a radius of 
three miles from Cranboume Street, 2s, Qd. 

Ditto, any distance from three to six miles, 3*. 6d, 
For examining in position after fixing, where a number of 
meters in the same district, and within a reasonable distance of 
each other can be inspected on the same day, £1 for the services 
of the inspector for the entire day, or I5s, for half a day. A 
further charge of Qd, will be made for each certificate. 
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Electric Pressube. 

For taking a record of " pressure " at any consumer's house 
within three miles of the testing-station, such record extending 
jver 24 hours, lOs. Qd. 

K such record extends over two or more consecutive periods 
of 24 hours, for each succeeding period, 68, 

Sebvicb Lines. 

For testing a single pair of service lines, lOs, 

In difficult cases (in addition to the fee of lO*.), for every hour 
or part of an hour occupied after the first two hours, 55. 

For testing any installation for insulation resistance to earth, 
where the time occupied is less than two hours, lOs. 

For every hour or part of an hour after the first two hours, 55. 

Note. — The above fees are to include omnibus fare for tht 
inspector and assistant, but all other travelling expenses and cost 
of carriage of meters, etc, {if any) to be charged in addition. 
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Alternating currents, 7, 42. 
American whitewood, 57. 
Ampere, 4. 
Appendix, 163. 
Arc lamps, 42. 
Aron meter, 142. 



Bastian meter, 159. 
Birmingham wire gauge, 10. 
Board of Trade unit, 5. 
Brass tubing, 80. 
Brown-Sharpe wire gauge, 10. 
Bunching of conductors, 59. 



Cables, 8, 11. 

Casings, sizes of, 58. 

Ceiling roses, 92. 

Chamberlain & Hookham meter, 

148. 
Choking coil, 43. 
Cleats, 61. 
Concentric wiring, 69. 

„ jointing, 73. 

„ apparatus, 75. 

„ switch-board, 76. 
Cord grip-holders, 96. 
Costs of wiring, 123. 
** Cure " for vulcanizing, 52, 55. 
Current density, 22, 88. 
Cut-outs, 6, 8. 



Details of conductors, 14. 
Distributing fuse-boards, 29 
Divided main system, 30. 

E 
Earth connections, 9, 44. 
Electrolysis, 103. 
Estimates for wiring, 123. 



Ferranti meter, 155. 
Flexible cords, 97. 
Fuse-boards, 40, 81. 

„ wire, 82, 85. 
Fusible cut-outs, 39, 81. 

G 
General arrangement of conduc- 
tors, 28. 



High tension ceiling roses, 101, 

„ voltage lamps, 25, 98. 
Horse-power, 5. 

I 

Insulating joints, 52. 
Iron barrel, 62. 



Jointing, 45. 

Joints, vulcanized, 51. 

Junction boxes, 68. 
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